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PEEFACE 



The following Notes on Plate-Girder Design have 
been used by the author to give his civil engineeTing 
students the theoretical and practical information nec- 
essary to enable them to make a design and general 
detailed drawing for a through plate-girder railway bridge. 
The theory of the plate girder has been developed 90 
that it may be applied to such structures for any duty. 
The notes may easily be given to the average class in 
one recitation per week for one semester of the college 
year. They have greatly facilitated the computation and 
drawing-room work with my own classes. 

It is with the hope that they may be useful to other 
teachers, and engim srs, that they are published. 

C. W. Hudson. 

Polytechnic Institute, Brooklyn, N. Y., 
January, 12, 1911. 
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NOTES ON PLATE-GIRDER DESIGN 



ART. 1, STRESS DISTRIBUTION AND GENERAL 

The theory of stress distribution for plate girders is the 
same as that for solid beams of uniform material, it being 
generally assumed that the common theory of flexure applies 
with sufficient accuracy to the built-up girder. This assump- 
tion is certainly not strictly true. The rivets connecting 
the various parts together cause a local and small irregular- 
ity of stress distribution; splices of the various parts, and 
non-prismatic form, produce quite marked irregularity of this 
distribution. The " Theory of Flexure " properly applied 
to plate-girder design, however, leads to a thoroughly good 
engineering structure, as an immense tonnage of such work 
constructed during the past forty years and doing excel- 
lent duty witnesses. 

This wide use of the plate girder for service under 
greatly varying conditions has increased the knowledge of 
its capacity and given valuable practical information as 
to the design of certain of its features. 

The requirements for its fabrication, shipment and 
erection have also affected its design. These requirements 
are not fixed in their nature, although in certain respects, 
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such as minimum tliickness of material in web plates, 
and minimum edge distances for punching, they fix a limit 
to the size of certain parts. 

The correct design of plate girders therefore requires 
theoretical knowledge and either practical experience or 
formulated rules, based on practical experience, and so 
carefully and closely drawn as to prevent a poor design. 

Plate girders are used for bridges anywhere from 18" 
deep and 15' long to 126" deep and 130' long, and even 
beyond these limits; they are also used in buildings and 
other important engineering work to a great extent. In 
general, the lower limit of their use is the I beam, which 
will furnish the proper strength at a less cost per pound 
of material; their upper limit is the truss, whose total 
cost is less than the heavier but cheaper per pound girder. 

In order to design properly any structure it is necessary 
to understand the composition and relation of each to 
each of the various parts. The following drawings are 
meant to illustrate some of the most essential features of 
plate-girder construction. They are therefore not meant 
to be casually inspected, but thoroughly studied, and the 
function of the various parts in carrying a load to the 
supports, the makeup of the parts and their connection, 
each to each clearly understood. 

Fig. la shows a single-track deck plate-girder bridge. 

Fig. lb shows a single-track through plate-girder bridge. 

The computation of the stresses in any structure is 
the preliminary step in the design. The stresses themselves 
are a function of the weight of the structure, and hence 
an early estimate of the weight of each portion of the 
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structure is necessary. Many valuable compilations of 
weights of structures are to be had, but they are not usually 
accompanied by full data. Every engineer must be sure 
of the quantities which go into his structure, and they 
therefore should be estimated as the computations are 
carried along and all computations based on wrong assumed 
dead loads corrected. 

The design of a structure should always begin with 
the part receiving the load and follow with each successive 
part in the path of the load as it travels to the support. 

For example, in an ordinary through plate-girder rail- 
road bridge, the design of the various parts should be 
made in the following order: Rails, ties, stringers, floor- 
beams, lateral bracing, and main girders. 

In making a first estimate of the weight of any girder, 
compute the live-load stress at the center of the bottom 
flange and increase this for impact if any is to be added, 
add to this sum 15% for the stress due to the weight of 
the girder, then determine the net area of this member in 
square inches. This net area in square inches multiplied 
by 14 will give a weight per foot of girder which may be 
used as a first estimate. 

This estimate is based on equal gross areas 15% greater 
than the net area of the bottom flange, for top flange, 
bottom flange, and web, and their sum increased 15% for 
details. An error of 1% in the total stress due to a wrong 
first assumed dead load should require a corrected dead 
load to be used. 

It is very difficult to give a good general rule for esti- 
mating the weight of girders, as the weight obviously is a 
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function of the depth, loading, unit stresses, and many 
other things. 

PROBLEMS 

la. Sketch the cross-section of a plate girder with and without 
cover plates, and write the name of each part on the sketches. 

Ifi. Sketch the plan of single-track railroad deck plate-girder bridge 
and write the names of the various parts on the sketch. 

Ic. Sketch the plan of single-track railroad through plate-girder 
bridge, and write the names of the various parts in the sketch. 

ART. 2. REQUIRED AREA OF CROSS SECTION FOR THE 

FLANGES 

The plate girder is a built-up structure, and may be made 
with a variety of cross-sections depending on the require- 
ments of the case. The forms of cross-section most fre- 
quently used are those of a, b and c of Fig. 2. 
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The object of these forms being to take advantage of 
the known law of stress distribution in flexure. 

The relation between the moment of the outer forces 
and inner stresses for homogeneous bodies subject to flexure 
is given from the formula 
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in which M iw the moment of the outer forces; 

r >S is the unit stress in the extreme fiber of the 
cross-section under consideration; 
/ ihi the moment of inertia of the cross-section; 
(■ is the distance from the neutral axis to the 
extreme fiber of the cross-section. 

Any existing straight prismatic girder may be examined 
for intensity of flexural stress in a plane normal to the 
axis by means of this formula. The plate girder of prac- 
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Fig. 2d. 



tice is, however, far from the ideal prismatic bar of the 
Theory of Flexure. The application of the preceding for- 
mula to the design of girders is very tedious, and while 

it could be greatly facilitated by the use of tables of - 

for a great variety of cases, the labor of its application 
to problems of design is not warranted. 

The almost universal method of plate-girder flange 
design will now be developed, with the aid of the following 
nomenclature and Fig. 2d. 
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Let A be the net area of each flange; 

h be the distance c. to c. of gravity of flanges; 

S be the allowable unit stress for tension or com- 
pression produced by flexure; 

Til be the depth of the web plate; 

t be the thickness of the web plate; 

^2 be the depth out to out of flanges; 

If be moment of inertia of each flange about its own 
horizontal axis. 

Then the flexure formula becomes 



L /l2 6 /l2 /l2J 



The right half of this equation represents the moment 
of the internal stresses; of the three terms which make 
up this half it may be said : 

47/ 

The term -t— is small in most cases, but for shallow 

girders it is relatively quite large, its omission from the 

expression requires the other terms to be larger. 

h . 
The value of j- is always less than unity, and in shallow 

girders considerably less, frequently as much as 10%. 

h 
The value of t- is usually less than unity, for very 

shallow girders without cover plates it is often equal to 
unity, and for girders with two or more cover plates it 
may be as much as 10% less than unity. 
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If h, hi, and h2 be taken equal, and the term -r- be 

tl2 

dropped the formula may be written: 

That is, the approximate moment of the internal stresses 
equals the unit stress times the depth times the net area 
of one flange plus \ of the area of the web plate. Many 

engineers drop the -p- from the expression, as its value 

is small and it is on the side of safety to do so. Others 

include it with the idea that as the web takes a part of 

the horizontal stresses these horizontal stresses should be 

considered in designing the flanges and web splices. Where 

stiffeners or spHces are used on the web it is impossible 

to maintain the full web section, and the web available 

th 
as flange is usually taken as -5-, which corresponds to a 

vertical rivet pitch of about 4". The preceding formula 
should be written for the purpose of design: 

M . 
In this formula -r- is known as the flange stress, just 

as in the case of trusses the moment divided by the depth 
is the chord stress. 
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PROBLEMS 

2a. Compute the net area required in the flanges of a plate girder 
30' long and 48" deep out to out of flange angles, when carrying two 
loads, of 160,000 lbs. each, spaced 5' from the center of the girder and 
a uniform load of 300 lbs. per Unear foot. Assume a web plate of 
48 Xf". 

26. Make up a section for the bottom flange of the girder of Prob. 
2a, using only two angles. 

2c. Make up a section for the bottom flange of the girder of Prob. 
2a, using two cover plates and two angles. 

ART. 3. THE DESIGN OF THE CROSS-SECTION OF THE 

FLANGES 

Flanges of plate girders are generally composed of angles 
in pairs or angles in pairs and plates, as is shown in Fig. 
2a, 2b, and 2c. The several parts are connected by rivets. 
The holes for the rivets are generally punched to a diam- 
eter ^" greater than that of the rivet, or to a diameter of 
^" less and subsequently reamed to ^" greater, or, as in 
the best class of railway work, drilled to a diameter ^" 
greater than that of the rivet. It is customary in design- 
ing tension members to allow for a- hole J" greater in 
diameter than that of the rivet, that is, for a |" rivet a 
hole 1" in diameter should be deducted. The number of 
holes to be deducted from any tension flange depends on 
the number of rows of rivets and the spacing of the rivets 
in the rows. Much might be written on this point, but 
here only little will be given. 

For the flange shown in a in section, the views of c 
and d are longitudinal developments of one of the angles 
showing common methods of grouping the rivets. 
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It is clear that a symmetrical arrangement of rivets 
such as shown in c is better than that of d, for the center 
of gravity of the net area through x-x and y-y of c lies 
in the root of the angle, while for the corresponding sec- 
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Fig. 3. 

tions of d it is first to the right of the root and then to the 
left, as indicated. The arrangement at d is sometimes 
chosen because it permits a little more freedom in driving 
one of the inner lines of rivets. Care must be taken in 
locating the sections x and y so that 2D + H^ V; for the 
case selected the longitudinal pitch p cannot be less than 

log 1 

V3.252 -2.252= JYg = ^\/88 = 2.35". In fact the stresses 
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passing through the space marked D are considerably- 
bent and thereby increased, and therefore the distance p 
for a good stagger for this case should be 3". It should 
be noted that most girders have an excess of strength 
except at the point of maximum bending moment and 
at the ends of cover plates, and hence care in staggering 
the rivets need only be exercised at these points. 

The entire flange stress is developed in small incre- 
ments by the web and transmitted to the flange by the 
rows of rivets connecting the vertical legs of the angles 
to the web. It is clear that these angles then should 
comprise a considerable part of the total flange area — 
some engineers require 50%, others permit as little as 
33^%.. The girder which has a flange stress developed 
in a short distance requires heavier angles than one in 
which the stress is developed in a great distance. The 
foregoing provision for maintaining net section applies par- 
ticularly to the tension flange. The compression flange 
is usually made equal in gross area to the tension flange. 

The compression flange is in somewhat the condition 
of a column as far as liability to failure in a sidewise 
direction is concerned. For girders with a constant top 
flange section the maximum unit stress occurs only at the 
point of maximum moment, for a flange with cover plates; 
that is, for a flange which varies closely as the flange stress, 
the unit stress is nearly constant throughout. The web 
stiffeners, if any are used, give considerable lateral stiff- 
ness to the top flange, reaching and connecting, as they do 
for half their length to material in tension. The sketch of 
Fig. 3e will help make this point clear. The tension flange 
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is held in line by virtue of its stress; any tendency to side- 
wise deflection of the compression flange is resisted by the 
tension flange if stiffeners are used. 

If the unit stress for static loads in tension is 16,000 lbs. 

per square inch, then 16,000 —70- is a corresponding unit 

stress for a compression member, in which the quantities 
need no definition. If it be assumed that a girder flange 



J Compression Flange 



ij Tension Elange 



Fig. 3e. 



is similar to a column in its action and that its section 
is a rectangle whose width = 6, then 

(l6,000 -70-^) =(l6,000 -70 -^J^) =16,000 -242^, 



or 



16,000 -240^, 



(2) 



gives a compressive unit stress for a girder flange cor- 
responding to 16,000 lbs. per square inch in tension. As 
the stress in a girder flange is only a maximum for a 
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small part of its length a formula for the safe compressive 
and unit stress 

P = 16,000 -20o|-, (2') 

may be used. 

Experience has shown that no material should be 
used which is less in thickness than ^ of the distance 
between the rivets in the direction of the action of the 
stress, J of the distance from the center of a rivet to the 
edge of the piece at right angles to the line of stress, or 
that any angle leg when used alone in a girder flange shall 
be longer than 12 times its thickness, otherwise the girder 
flange may fail in detail rather than as a whole. 

For simplicity and ease of construction the compression 
flange should not be made of greater section than the 
tension flange, therefore the compression flange must be 
supported in a sidewise direction at frequent intervals, which, 
from the preceding formula, will be about every ten times 
the flange width. It is customary to consider that the 
rivets completely fill the rivet holes in the compression 
flange and that the full gross section of the flange may 
be assumed to act to resist compression. This assump- 
tion with regard to the rivets always filling the holes is 
open to serious question, and if they do fill the holes 
they do not offer the same resistance to lateral deforma- 
tion which takes place under compression as the unpunched 
material. However, it is fair to assume that they partially 
make up the punched-out material. The formula for the 
unit stress for the compression flange is believed to be 
severe enough to allow it to be applied to the gross area 
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of the flange. The depth h (called the effective depth) 
of formula (1) is obtained by taking the gross area of 
both flanges in computing the location of the center of 
gravity of the flanges. 

It should be borne in mind that if there is no lateral 
deflection of the top flange that its maximum unit stress 

depends entirely on -, the section modulus, as it is some- 
c 

times called. While rivet holes affect the position of the 

neutral axis for the sections in which they occur, probably 

two-thirds or one-half of the length of a girder will be 

undiminished by holes, hence in applying the formula 

M = — to check the results of formula (1) it will be best 

to determine the position of the neutral axis from the 
gross section, and find the moment of inertia of the net 
section of the entire girder section for / in the formula. 

PROBLEMS 
3a. Compute -the probable maximum unit stress in the tension flange 

Si/ 

of the girder of Prob. 26, by means of the formula M= — . 

36. Compute the probable maximum unit stress in the tension 
flange of the girder of Prob. 2c, by means of the formula M = — . 

3c. Compute the probable maximum unit stress in the compression 
flanges of Probs. 3a and 36, by means of the formula M= — . 
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ART. 4. LENGTHS OF COVER PLATES 

The plate girder, being a composite structure, may easily 
be constructed so that its cross-section may vary approxi- 
mately as the moments and shears require. The full flange 
section being required only where the moment is a maxi- 
mum, a method of determining where the parts may be 
omitted when no longer required is necessary to economi- 
cally design the girder. In general the cover plates are 
the only parts of the flange which do not extend the full 
length. Two methods will be developed for finding where 
cover plates (or any other part of the flange) may be 
omitted. 

The first: For girders which carry a uniform load, 
or a load which may be closely represented by a uniform 
load. Deck plate girders for railway bridges may be 
included in this classification. 

In Art. 2 the approximate moment of the internal 

stresses at any section=(S/i x( A +-^) in which (Ah — ~) 

is the net flange area, designating this area by a for 
simplicity, the moment of the internal stresses becomes 
Sha. 

Let w= the uniform load per foot of girder, or for 
locomotive loading the uniform load which would pro- 
duce the same end shear, then the bending moment at 

VdI/X wx^ 
any point distant x from the end=-^ —, and this 

must equal the moment of the internal stresses. 

ivlx wx^ 

~2 2' = ^ha, 
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if it is desired to find the location of the point n, where 

the first cover plate must begin, substitute for S, h, and 

a their value for the portion of the girder between the 

end and n and solve for x. It is more cnovenient in 

practice to have the formula in such form as to give 

the length of cover plate direct. For this puprose 

Let c = the theoretical length of any cover plate =1 —2x; 

C = the practical length of any cover plate =c+2/ 

(2/ = from 2 to 5 feet) the additional length y 

being required for locating a few rivets, so 

that the plate may be capable of taking stress 

where it is theoretically required. 




Fig. 4a. 



From the foregoing relation between the moments of 
the outer and inner forces may be written 



, P P 2Sha , , , . 11^ 2Sha 

x!^-lx+j=j — ^ and from this ^ = 2~\A — ^• 



C = y+c = y+l-2x 

, (I IP 2Sha\ „ /i 



'P 2Sha 



w 



(3) 



To use the formula to find the length of the second 
plate, take a and h for the portion of the girder between 
n and 0. 
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Another simple formula by the author for finding the 
lengths of cover plates for this class of loading is given 
in Eng. News, XXXII, page 278, the issue of Oct. 4, 1894. 

The second: For girders carrying loadings which may 
not be represented by a uniform load. Girders of this 
class receive their loads through other girders or columns 
at definite points. The main girders of through plate 
girder spans with floorbeams are common examples of 
this class. 

As before the resisting moraent = Sha, where 

a = area of flange at end of any cover; 

/i = depth c. to c. of gravity of flanges at end of any 

cover; 
/S = unit stress. 

The bending moment M at any point along the length 
of the beam and distant x from the left end, where Pi, 
P2, P3, etc., of Fig. 4& are the concentrated loads, w the 
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uniform load per foot of length, and Ri the left hand reac- 
tion, is given from 

M = Rix -m-| -Pi(x -0) -Pzix -b) - etc. 
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Since the moment of the external forces = moment of 
internal stresses 



Rix — ^-Piix-0)-P2{x-b)+etc.=^Sha, . (4) 



in which every quantity is known except x. 

To apply this to any point n between the first con- 
centrated and the end the above becomes 



7/1 r-s 

RiX—K- = Sha, (4'> 



in which J?i and Sha are known, and the solution of which 
is a very simple matter. It should be noted that the 
proper position for the live load is that which makes Ri 
a maximum. 

To apply it to any point q between two loading points 
the formula becomes, 

R^o + iR,-Pi){x-o)—^=Sha. . . .(4"> 

The position of the live load must be taken, first, sO' 
as to make the bending moment at Pi a maximum; second, 
so as to make the bending moment at P2 a maximum. 

This gives two equations of the form of (4") each of 
which must be solved for x. 

The value of .r, which is least, i.e., the one requiring 
the longest cover, is to be taken. 

The lengths of cover plates are readily found by a 
graphic method which needs no explanation beyond the 
following sketch: 4c. The full line is drawn to represent 
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the resisting moment of the various portions-, and the 
dotted line the moments of the outer forces. 

The appUcation of formulas (3) and (4) will now be 
made to finding the lengths of cover plates; for this pur- 
pose assume a girder 43' long c. to c. end bearings, 60i" 




,^r 




Fig. 4c. 

deep out to out of flange angles and of the following compo- 
sition : 

1 web plate 60 Xf" =22.50 sq.in.X^ = 2.81 sq.ins. 

2 top angles 6 X6 XlQ.li = 11,52 +2.81 =14.33 sq.ins. 
1 top plate 14 Xi =7.00 +14.33= =21.33 sq.ins. 

1 top plate 14x4 = 7.00+21.33= =28.33 sq.ins. 

2 bottom angles 6x6x19.6 = 11.52 -2.00= 9.52+2.81 

= 12.33 sq.ins. 
1 bottom plate 14 X J = 7.00 -1.00 = 6.00 +9.52 = 

18.33 sq.ins. 
1 bottom plate 14x^ = 7.00-1.00 = 6.00+15.52 = 

24.33 sq.ins. 

The girder will first be assumed to act as in a single- 
track deck railway bridge, using formula (3), 
Maximum bending moment = 1,938,410 ft.lbs. 

Maximum end shear = 193,500 lbs. (w= .^ ' =9000). 

a = 12.33, 18.33, and 24.33 sq.in. 
h = 4.77, 4.85, and 4.93 ft. 
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For first cover Ci =1/ +2 



(48)2 2X12.33X4.77X16,000 



4 



9000 



= 2/ +2V4()2.2-209.1=?/ +2x^253.1 
= 2+2X16=34' long. 

For second cover C2 = y +2 J462.2- 2 X-^^ X 4.85 X 16,000 

= t/X2\/462.2'-316.1=2/+2\/r463 
= 2+24 = 26'. 

The girder will now be assumed to have floorbeams 
attached to it as indicated in Fig. 4d. The reaction Ri, 
when the moment at Pi is a maximum, is 136,500 lbs. 
and the own weight of the girder 300 lbs. per linear foot. 



R( 



-10.75— 



Fig. id. 



Then for the first cover 

136,500.T -300^ = 12.33 X 4.77 X 16,000 = 941,000. 

910x-.r2 = 6273 or x^ -910x +207025= -628 +207025 
.T = 45.5 -38 = 7.5. 
The length of the first cover (7i =2 +(43 -15) =30'. 
For the second cover 

136,500x -150x2 == 18.33 X 4.85 X 16,000 = 1,422,400. 
a;2-910x = 9483; 
x = 455 -445 = 10. 
The length of the second cover C2 = 2 + (43 -20) =25'. 
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PROBLEMS 

4a. Let each of the flanges of the girder of this Art. consist of 

2 angles 6X6X17.2 lbs. = 10.12 sq.ins. 
1 cover plate 14 X I " =5.25 
1 cover plate 14 X I " =5.25 
1 cover plate 14X I " =5.25 
and I of the web plate 60 X |. 

Find the lengths of the cover plates when it acts as a part of a 
deck railway bridge. 

4b. Find the lengths of the cover plates when the girder of Prob. 
4o acts as a part of a through bridge. The concentrated load P, = 105,000 
lbs. The loads being spaced as shown in Fig. 4d. 



ART. 6. RIVET SPACING IN GIRDER FLANGES 

The connection between the web and flanges of girders, 
as in other composite structures, is made by means of rivets. 
These rivets are spaced with reference to the horizontal 
component of the stress in the flange, for at the extreme 
fiber the direction of the stress is horizontal and the 
maximum shearing unit stresses in the flanges are very small, 
and hence the horizontal component is the only stress of 
importance. 

The one important exception to the foregoing is where 
the girder load is applied to one of the flanges, here the 
rivets have to transmit the loading which the girder carries 
together with the horizontal stress increments between the 
flanges and web. The exceptional case will receive special 
consideration. 

The moment of the external forces at any point in a 
girder equals the moment of the internal stresses, there- 
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fore between any two points it is essential that there be 
enough rivets to properly develop the stresses produced 
by the maximum increase in moment between the points. 
The increment in the moment is constantly varying 
throughout the girder length. The general equation for 
moment for a simple girder as given in Art. 4 is 

M = Rix —^ -Pi{x -0) -P2(x ~b) -etc., 

The derivative of M with respect to x is, 

—j— = Ri —vox —Pi —P2 —etc., and is the shear. 

It is therefore seen that the greatest increase in the 

bending moment occurs when the shear has the greatest 

possible value. 

The increase in bending moment between two points 

so close together that the load between them may be 

neglected, is the shear multiplied by the distance between 

the points; the increase in flange stress is this increase 

in moment divided by the depth. 

■Let F = the maximum shear at any point on the girder; 

fc = the effective depth, i.e., the depth c. to c. of 

gravity of flange, in inches; 

i? = the least value of the rivet to resist either 

crushing or shear, and 

p=the space between two adjacent rivets in inches. 

Fxl 
Then — r — =the maximum increase in flange stress in a 

'■: space of 1 inch (a) 

— = stress per inch of girder length carried by 

the rivets (6) 
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For the proper degree of strength (a) should equal (b). 
V R 



h p 



or p = 



Rh 

" V 



(5) 



In order to show the application of (5) to determining 
rivet pitch: Let Fig. 6a represent a portion of the girder 




2Cov. Pis. «xM 
ZLVxc'i 19.6 f- 



■Web PI. 60 xH 



2L=6x6x 19..6# 
2COV..P1B. u'iji" 



Fig. 5a. 

used to illustrate the method of finding lengths of cover 
plates in Art. 4. 

The shear at a = 193,500, at 6 = 153,000, and ate = 118,000. 

The value of a rivet in bearing = 24,000, and in shear 
12,000 lbs. per sq.in. 

The pitch for |" rivets, at (a) = 



p- 



4.77X12X7876 
193,500 



= 2.34" 



provided the flange angles are designed to carry the 
entire flange stress at this point. If, however, as was 
assumed in finding the length of the cover plates, the 
portion of the web used as flange area is 2.81 sq.in., then 

.^ , 2.34X12.33 2.34X12.33 „„„ _ 
the pitch = ^^^ 33 _^g Y)== 9:52 = ^-0^ • The pitch 

of 2.34" would require that two lines of rivets be used, 
as good construction requires that the rivets be not closer 
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than 3". It is also customary to use two rows of rivets 
to connect a 6" angle leg to the web. 

If the load is applied directly to the girder flange then 
the previous computation needs modification for the rivet 
pitch in the vertical legs of the angles of the loaded flange. 
Let Fig. 56 represent a part of the top flange of the girder 
of Fig. 5a and assume that it carries one-half a railway track 
on the top flange. One engine wheel weighing 50,000 lbs., 
including impact, will then be carried in a space of about 




Fig. 5. 

42", it being the custom to asssume that three tics carry 
one axle load. Let Hr and Vr of Fig. 5c represent the 
resultant horizontal and vertical forces on the rivet as 
applied to the rivet by the girder web; the resultant of 
these two forces R should not exceed the ability of the 
rivet to safely resist either shear or crushing. To deter- 
mine the pitch for this case, 

Let IF = the wheel load including impact (or other con- 
centrated load); 
a = total flange area 

ai=total flange area with the part of web used 
for flange deducted; 
.s = three times the distance c. to c. of ties in inches, 
/i = effective depth of the girder in inches; 
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/ir = horizontal increment of stress in a length of 

one inch carried by Ui] 
j;r = vertical load per inch of length of flange affected 

by the concentrated load, 
rr = resultant of hr and Vr, =Vli^r + v^r 



4 



V ai\2 /WY 
h a) \ s 



Then \i R= the value of the rivet, as before, 
R R 



P = 



rr l/V-aiY (Wy 



h-a / \ s 



Let this be applied to finding the pitch for connecting 
the top flange angles to the web for the end of the girder 
of Fig. 5a. 

Fai 193,500X9.52 193,500x9.52 

^a ~ 57.24X12.33 ~ 705.77 -2bl0; 

F^SMOO^ 

s 42 ^^^"' 

^26102 +1190^ 2710 

For the heavier concentrated loads, such as columns 
bring when carried on the flanges of the girders, the flange 
angles will often not contain enough rivets for security, 
and stiffeners must be used, as will be explained later. 
The foregoing gives a simple method for finding the max- 
imum permissible pitch of the rivets connecting the vertical 
legs of the flange angles to the web. 

The determination of the pitch of the rivets for con- 
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nc'cting the cover plates to the horizontal legs of the flange 
angles is not a simple matter if theoretical accuracy is 
desired. 

At b, Fig. 5a, the point where the first cover plate 
begins the flange angles haA^e in them all the stress they can 
carry. It. is clear, therefore, that from 6 to c with the rivets 
connecting the first cover to the flange angles spaced to 
take only the flange stress increment, the flange angles 
simply transmit the increments of stress to the first cover 
plate. At c the first cover plate and angles have all the 
stress they can carry, and with rivets spaced as before 
the increments of flange stress from c to the point of 
maximum flange stress are simply transferred through the 
angles and first cover to the second cover. Rivets con- 
necting a cover plate to a flange are generally spaced to 
take the increments of flange stress which occur from the 
end to the point of maximum stress in the cover. If n 
be the number of lines of rivets connecting the cover to 
the flange then 

nRh 
P = -V'> (5') 

Assuming two lines of rivets in the cover plates the pitch 

at b for connecting the first cover to the flange angles 

2X7216X57.24 .^,„ _,,. . ,, . ^, ^ 

= :nr^r-?^7^ = 5.41". Ihis is the maximum that mav 

153,000 

be used; the actual pitch would be made considerably 

less and usually a multiple of h, f , or 1" and at the same 

time such a pitch as would stagger well with the rivets 

in the vertical logs of the flange angles. If the maximum 
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pitch permissible were used the stress per square inch in the 
first cover plate would be zero at b and increase to 16,000 
at c. This is highly undesirable, as there would exist in 
the girder in juxtaposition the angles with a unit stress 
of 16,000 and a cover with an average of 8000 lbs. The 
girder flange material cannot act in any such way with- 
out undue bending stresses on the rivets. 

For this important reason cover plates should be made 
longer than a mere consideration of their relation to the 
moment polygon would require. The additional length, 
designated by y in formula (3) required, is a function of 
the number of rivets necessary to equalize the flange 
unit stress in all the flange material, and may be deter- 
mined as follows: 

Let n = number of rows of rivets in the cover plates; 

a = area of flange without the cover plate under 
consideration, with unit stress s; 

ai =area of flange, including the cover plate under 
consideration, with unit stress Si; 

2? = pitch in inches of the cover plate rivets in 
each line; 

R = value of one rivet connecting the cover to the 
flange ; 

1/1 = additional length of cover plate required at 
each end m ft. = ;j. yi = — -— p p. 

{a\ — a),Si S-a-p ^ 
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The value of y for the first cover of the first example 
used to illustrate the method of finding the lengths is: 

16,000X12.33X6 p_3 p 
y~ 6X18.33X7216 'n~2'n 

If the rivets be placed 3" apart in two rows 2/ = 2.25. 

If enough rivets are used at the end of a cover plate 
as at h of Fig. 5a to transmit to it its full proportion of 
the flange stress, the rivet pitch required to connect the 
cover plates to the flange at any point will be the following: 

Ai n-Rh ^,,. 

In which Ai is the total flange area, and A the area of 
all the cover plates, at the point under consideration. 
The number of rivets as determined by (5') and (5") 
should be increased by 20% to allow for the bending, 
stresses. To still further limit these bending stresses no 
rivet passing through angles and covers should have a 
grip more than five times the diameter of the rivet. 

PROBLEMS 

6a. Using unit stresses of 10,000 and 20,000 lbs. for rivets in shear 
and crushing, compute the required rivet pitch for connecting the 
bottom flange angles to the web at c of Fig. 5a. 

5b. For the data of Prob. .5a compute the rivet pitch for connecting 
the top flange angle to the web at a point vertically over c, including 
the effect of a locomotive wheel load. 

5c. Using the unit stresses of 5o compute the value of y for the second 
cover plate. 

bd. Compute the pitch of the rivets in the cover plate of 5c just 
adjacent to the portion y. 
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ART. 6. WEB PLATES 

The maximum stresses that the web of a beam or 
girder must resist are of varying intensity and direction 
throughout its area. 

For any elementary parallelepiped cut from the body 
of a beam in equilibrium subject to flexure, the forces on 
the faces of the element perpendicular to the plane of 
the drawing may be represented for the most general case 



-I 'l 11 1 



W 



Fig. 6a. 



as shown. The weight of the elementary particle may he 
neglected, as it is an infinitesimal of the third order as 
compared with the amount of stress on the faces, which 
are infinitesimals of the second order. 

As the length of the sides of the particle approach 
zero as a limit, the intensities of the oppositely directed 
forces py are equal, and also the forces px. If the oppositely 
directed normal forces are of equal intensity the tan- 
gential or shearing forces q are also of equal intensity. 
The intensity of the shearing stresses at any point in a 
homogeneous prismatic body subject to flexure is given 
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from q=-T-j-, a well-known formula of Mechanics of Mate- 
rials, in which 

q = ihc unit shearing stress; 

7 = the total shear; 

6=the width of the body at the point under con- 
sideration; 

Q = statical moment of the portion of the body above 
the point under consideration with reference 
to the neutral axis of the body, and 

7 = moment of inertia of the body with reference to 
the neutral axis. 

The intensity of stress p^ at any point is given from 

Mil . . 

the flexure formula Vx=-j-' ^"^ which the quantities are 

too well known to need definition. 



Y Y . ■ .■UJ=Uiiiform load per incJx 



<?w 



— i-r 



■^1} 



K- 



FiG. 66. 



w, 

Am 

Fig. 6c. 



The intensity of stress fy may be found as follows: 
Let Fig. 66 represent any beam subject to flexure and 
a any point in the beam. Assume two planes distant 
1" apart on either side of a as shown by the dotted lines. 

The vertical forces on the portion of the beam above 
a and between the parallel lines are as indicated on the 
larger scale sketch. Fig. 6c, in which Yr is the sum of 
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the shearing resistances of the right surface above a, 
Yl is the sum of the shearing resistances of the left surface 
above a. 

TF = (Pi +w) + PF])=the total load between the two 
assumed planes above the point a, and A=the area in 
square inches of the horizontal surface through a. Then 

or 

Vr + W-Vj. ,_, 

P^= 2^ (7) 

Care must be taken in giving the proper signs to F^ and 

Yl- 

Having a method for finding -p^., py and q for any 
point in a beam, there remains to be found the plane 
in which their combined action has the greatest intensity. 

The stresses per square inch p^, py and q may be pro- 
duced in any manner, even in an arbitrary manner or p^^ 
and q, and p„ and q may be the rectangular components into 
which the actual stresses on any elementary parallelopiped 
have been resolved, as far as the following argument is 
concerned. 

Let Fig. 6d be a redrawing of 6a. Let the plane OP 
be passed through the elementary particle perpendicular 
to the face and making the angle d with AA', consider 
the elementary figure to have a dimension of unity per- 
pendicular to the plane of the drawing. 

Let it be required to find so that the stresses on 
OP will be normal and therefore either the maximum or 
minimum stresses in the body. 
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Let p represent the intensity of stress on OP, then 

^p 

OPXpX-^ = p^XAP+qXAO, or p-p^ = gcot(?. (a) 

and 

^0 

OPXpXQp = pyXAO + qXAP, or p-p„ = qtsine. (&) 



s AinmA 






3'^ 



XV,^ 



flv,//' 



I I I t J Tf 



Fig. 6d. 



Subtracting the second form of (b) from (o), 

1 -tan2 2 

Pj/ -px = ?(cot (? -tan e) =g — ^„„ ^ =?• 



tan e 



tan 2^' 



(8) 



or tan 26 



The solution of this gives two values 



Pv-Pr 
of 6, one of which corresponds to OP and the other to OP'. 

Further, multiplying (a) by (&), 

(P -Px)ip -Pv) =(f tan (? cot = q^ 

P^ -piPx+Py) ==q^ -pxPy 

P^ -Pip.+Py) + {^y = i^y+Q' -'V.Vy 



P-^hlPx+Pv ± ^{P^ +PvY +'^{q^+PTPu)] 



= h[Px+Py±^{Px-pyY+^^l . (9) 



32 NOTES ON PLATE-GIRDER DESIGN 

The two values of p given from (9) correspond to the 
maximum and minimum values and occur on either OP 
or OP'. 

For an extended treatment of the subject of combined 
stresses see Wood's Analytical Mechanics, Chapter V. 

If either or all of the quantities fx, Vv o^ 1 liave a 
direction opposite to that shown in Fig. 6d they should 
be entered in the formulas with a minus sign. 

The planes of maximum shear make angles of 45° with 
the lines of maximum direct stress. 

The amount of jpy is small, except for large concen- 
trated loads, with reference to p^ and q. If py be neglected, 
at the end of the beam where px = the angle ^ = 45° 
and p = 5, that is the direct stresses are equal to the shears 
in intensity and make an angle of 45° with them. 

If py be neglected, at all points on the neutral axis 
where p^ is zero, p=q and makes an angle of 45° with the 
axis. 

In determining the location of the plane on which p, 
the principal stress intensity, is a maximum note, the values 
of the component stresses and inspection will show about 
the direction the resultant must have. If difficulty occurs 
in applying formula (9) it will be better to derive a special 
formula for the case at hand. 

PROBLEM 

6a. A plate girder of 14' effective length carries a total load of 
10,000 lbs. per linear foot of length, the load being applied to the top 
flange. Consider the structure to be solid and of a cross section com- 
posed of 4 angles 4"X4"Xi" and 1 plate 24 X*", as shown in the 
sketch, determine the maximum stress intensity and the direction of 
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its action at each numbered point as is indicated for points Nos. 3, 7, 
'9, 11, and 15 of Fig. 6e. 



-i^ 



Y//'/////'/////y>/^^Mn. 



t 

J. 

.1— 



10 000 lbs. p. l.f. 



I 



^ 



Fig. 6e. 



This problem is so important for a proper understanding 
of the stress distribution on web plates that it is com- 
pletely solved for points Nos. 3, 7, 9, 11 and 15, and much 
of the computation made for the remaining points, in what 
follows in this article. In Fig. 6e arrows acting toward 
a point indicate compressiqn and away from the point 
tension. 

The computations for -p^, Vv ^^d g should be made 
about as follows: 



^=-,Vx^x 


(24)3 .. 


= 576.00 




5.56X4 




= 22.24 




4X3.75X10.822 


= 1756.08 








= 2354.32 






M^ 


= 






Ms 


= 2,205,000 in. 


-lbs 




Mc 


= 2,940,000 in. 


-lbs 


At points 


Nos. 1,2 


3, 4 and 5, Px 


= 



1 

X 


X 


1 


1 - ^ 

Ll^ 1.18 



Fig. 6/. 
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• XT ^ _, n 2,205,000X4 ,„^^ 

At points Nos. 7 and 9, fx= — 9354 32 — ^ 3,740 

At points Nos. 11 and 15, p^ = ' ^tk^ 32 — = 10'000 

Qii =2X3.75X10.82= 81.15 
+2.00X10.00= 20.00 



101.15 
Q7 = 2X3.75X10.82= 81.15 
2.00X10 = 20.00 
2.00X6 = 12 



113.15 
^3 = 113.15+2x2 =117.15 



No. 3 = F-^^^m^ = 70,000 X. 0993 = 6960 
No. 7 = 7 -^^^^22 =35,000 X. 0960 = 3360 

No. 11 =F- 5x2354 3 '2^ 0000 X .0853 = 0000 

From formula (7) there is found 

8334- 8331 X. 5 ' 
at No. 3, Vy= 5-^ = 830 

833i- (8334) .304 
at No. 7, p„ = — -^ = 1240 

.M 11 833i-(416f+416f).121 733 ,._^ 
at No. 11, Pj, = ? =—^ = 1470 

Values of Q, jj, and -ry should be tabulated as follows : 



12".. 
11" 
10 .. 
9 
8 .. 
7 
6 

5 

4 .. 

3 

2 .. 

1 

.. 
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Q vxfj 

= 00.000 V .0000 |— 

= 58.375 T' nifi.'; for 6 =!?<"'— 

= 74.125 r .0210 " 

= 88.375 r .0250 " 

= 101.125 T' .0853 - to'b=}i" 

= 104.875 F .0883 

= 108.125 T .0919 

= 110.875 T .0936 

= 113.125 T' .0960 

= 114.875 V .0976 - 

= 116.125 T' .0986 

= 116.875 T .0992 

= 117.125 T .0993 
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f\ 



Fig. 6g. 

Let Ai =the area above division No. 11 =4.25 + .75 = 5.00 
sq.ins. 
A2=the area above division No. 10 = 5.00 + 1.50 = 
6.50 sq. ins., etc. 

Values of q X arc as: 



qXAi 


= Fx.017 


?XAi3 = T'x.550 


A2 


= FX.046 


Ai4 = Fx.599 


As 


= FX.081 


>4i5 = Fx.648 


Ai 


= Fx.l21 


Ai6 = Fx.696 


A, 


= Fx.l65 


Ai7 = Fx.743 


Ae 


= FX.210 


Ai8 = Fx.790 


At 


= FX.257 


Ai9 = Fx.835 


As 


= FX.304 


A2o = Fx.879 


As 


= Fx.352 


A2i = Fx.919 


Aio 


= F X .401 


A22 = Fx.954 


An 


=-Fx.450 


A23 = Fx.983 


Al2 


= Fx.500 


A24 = Fx.l000 
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At No. 


3: 






tan 2d = 


2X6960 13,920 
830 -0 830 


16.771 




2^ = 


= 86° -36" 








=43 -18" 






= i[0+830±V(830)2 


+ 4(6960)2] 




= 


4[830 ±13,940] 
= +7380-6550 




At No 


. 7: 






tan 20- 


2X3360 6720 
" 1240 -3740 2500 


= 2.683 




26 = 


= 68° -10' 






6- 


= 34° -05' 





■p = i-[3740 + 1240 ± V (2500)2 +4(3360)2] 
= J[4980±7170] 
= +6080, -1100. 



At No. 9: 

'p^= -3740 

833 J -833i X .696 ^,^ 

Vv = — — — ^^ 510 

3 = 3360 
„ 2X3360 6720 
^^'^^^^ 510 +3740 "4260 ^^^ 
25 = 57°-50' 

(9 = 28°-55' 



p = |[_3740 +510 ±'/(4250)^ +4 X3360'] 
= i[- 3230 ±7950] 
= -5590, +2360. 
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At No. 11: 

2 xO 
tan 26= ._„ _ „„„ = an infinitesimal 

p = M10,000 + 1470 ± V(8530)2+4X0] 
= i[ll,470±8530] 
= +10,000, + 1470. 

At No. 15: 

p^= -10,000 

833i -(4161+4161) __^ 100 _. 
py = ^ 879 =--g- = 200 



<Z = 

m —in n on~^'^ infinitesima] 

= -10,000, +200 



2 XO 
tan 2^ = 200-10 00^^" infinitesimal = i[- 9800 ±10,200] 



= 90 or 

p = i[_ 10,000 +200 ± V(10,200)2+4X(0)2] 

ART. 7. AREA OF WEB PLATES 

The preceding article has shown that the stresses in 
the web of a plate girder are of greatly varying directions 
and intensities. The tensile stresses need an adequate 
amount of material to resist them, the amount of which 
is a direct function of the stress. 

The action of the compressive stresses is augmented 
to a much greater degree than for tension, by secondary 
stresses if the material be even very slightly lacking in 
uniformity. That is, a certain kind of column action is 
set up. 

The maximum tensile and compressive stresses in the 
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web cross each other at right angles; at the neutral axis 
they are approximately equal, and make angles of approx- 
imately 45° with the axis and equal the shearing stresses in 
intensity; above the neutral axis the compressive stress 
intensity is increasing while the tensile is decreasing; below 
the axis the opposite relation exists. 

The shearing stresses are of the greatest intensity at 
the neutral axis, on horizontal and vertical planes, for 
any cross-section. At the cross-section where the greatest 
resultant shear occurs, there, on the neutral axis will be 
found the maximum shearing unit stresses. For simple 
spans the shear is a maximum at the ends of the span. 

It is the practice to design web plates so that they 
will resist the shear at the point of maximum shear, and 
have enough thickness to provide ample bearing for the 
rivets connecting flange angles to the web; this latter very 
frequently determines the thickness of the web plate. The 
design of the web plate is also governed by practical con- 
siderations, such as requirements for handling in shop and 
field and requirements to resist corrosion. 

The best practice requires as a minimum for the thick- 
ness of girder webs: ^" for railway, I" for highway, 
and ^" for building work. It is the practically universal 
custom to make the web plate, for a girder, of uniform 
section throughout its length. 

The shearing unit stress should be about 20% less 
than that used for direct tension, that is, where 16,000 
is used for tension, 13,000 is a consistent unit for the max- 
imum shearing stress intensity. Where the shearing stress 
is assumed to be uniformly distributed over the girder 
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web this unit should be reduced to 10,000 lbs. per square 
inch and applied to the net section. 

The web plate is also designed to resist any tendency 
to buckling or sidewise failure. The tensile stresses which 
act on any element of the web tend to pull the element 
back into its proper position if from any cause the element 
is displaced laterally. In the portion of the web below 
the neutral axis the excess of tensile over compressive 
stress would give a component perpendicular to the web 
which would tend to take out any buckle that might exist. 
In the portion above the neutral axis the corresponding 
component would tend to increase any buckle. This can 
readily be seen by a study of Fig. 7a. 
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Fig. 7a. 



Fig. 75. 



In order to determine whether a web needs stiffening 
an investigation which will lead to a safe structure can 
be made on the following basis : 

Formulas (8) and (9), of Art. 6, show that at the 
neutral axis of the girder the maximum resultant com- 
pressive stress intensity approximately equals the maximum 
shearing stress intensity and that the line of its action 
makes an angle of about 45° with the neutral axis. A 
compressive unit stress equal to the maximum shearing 
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stress intensity is therefore assumed to act along the 
element of the web having a length of I in Fig. 76, and 
this must be less than the permissible unit stress for a 
column ot this length. Assuming that a safe unit stress for 
a column is given from the formula 

P = 16,000 -70-, 

the notation for which needs no definition, the 16,000 
should be reduced to 12,000 if the average shearing unit 
stress is used, as the maximum unit compression. The 
formula then becomes 

P = 12,000 -52.5-. 
r 

Substituting for I and r their values, 

l = dV2, and r = .29t, 

where i = the thickness of the web. 
The formula then is 

P = 12,000 -52. 5^^ = 12,000 -257.5j . . (a) 

As the tension in the web below the neutral axis will 

prevent buckling, the value of d should be k", and as the 

tension in the upper half of the web helps to prevent buckling 
the constant may be divided again by 2, the formula then 
being 

P = 12,000 -65^ (10) 
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It should be noted that d equals either the clear distance 
between flange angles or stiffeners. 

To show the method of applying this formula to see if 
web stiffeners are necessary let the girder of Fig. 5a be 
examined. 

The average shearing unit stress = — „ ' - =8580 lbs. 

per square inch. 

65 X48 5 
The allowable unit stress = 12,000 gy^ = 12,000 

-8420 = 3580 lbs. per square inch. 

As the actual stress exceeds the allowable, the web 
must be made thicker or the stiffeners placed closer together 
or else both combined. 

If the web be made J" thick 

193 500 

The average shearing unit stress =- — stj — = 6450 lbs. 

per square inch. 

65—48 5 
The allowable shearing unit stress = 12,000 ^ — ~ 

= 12,000-6300 = 5700 lbs. per square inch, which shows 
that the web must be further thickened or the stiffeners 
placed closer together. 

If the web be made ^" thick and stiffeners placed 
30" apart in the clear the average shearing unit stress 

193,500 ,oonlu • u 

= o^ OF =7380 lbs. per square mch. 
Jo. 25 

65 X30 
The allowable shearing unit stress =12,000 r-; — 

= 12,000 -4420 = 7580 lbs. per sq.in. 
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PROBLEMS 

7a. The accompanying sketch shows the cross-section of the girder 
of Prob. 6a and the curve of unit shear distribution. Construct the 




Fig. 7c. 

figure to three times the size of the sketch shown and write in the value 
of the ordinates to the curve at points 1" apart from the top to the 
bottom of the section. 

7b. Are stiffeners required on the web of the girder of Prob. 6o? 
If not, show it by computation. 

7c. What is the minimum thickness permissible for the web of the 
girder in Prob. 6a? 



ART. 8. STIFFENERS FOR WEB PLATES 

Stiffeners have several important functions, the chief of 
which are : 

(a) They keep the web from buckling, due to the com- 

pressive stresses in it. 

(b) They help hold the compression flange from lateral 

failure as a whole and from failure in detail in 
any direction. 

(c) They are used to relieve the rivets connecting the 
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loaded flange to the web, by transferring the 
load directly to the web. 

(d) They are used to reduce to pro.per amount the 

vertical stresses, on horizontal planes, in the web 
brought by local concentrated loads. 

(e) They help hold the web true to shape during man- 

ufacture and erection. 

According to their principal functions they should be 
divided into two general classes, intermediate stiffeners, 
which are chiefly used for the purposes of (a), (6) and (e); 
concentrated load stiffeners, for (c) and (d), although each 
class performs all the functions of course. Intermediate 
stiffeners act as a beam standing vertically to resist lateral 
displacement. They are generally made of angles in pairs 
and riveted to the girder web as shown in Fig. 8a. The 



a 



.6 

:0» 



Fig. 8o. 



legs of the stiffening angles which are against the fillers 
are near the neutral axis of the pair and therefore should 
be only large enough to receive the connecting rivets; 
a 3i" leg for |" rivet and 3" leg for f" are enough. 

The width h of the outstanding legs is the principal 
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element of efficiency for resistance to transverse displace- 
ment. A common rule is to make the width of the outstand- 
ing leg (0) equal to the depth of the girder (d) in inches 
divided by 30 plus 2", or expressed as a formula 



= — + 2" 



(11) 



The following is a common method of locating inter- 
mediate stiffeners. 

Intermediate stiffeners should be used at points as 
required by (10) or wherever the unsupported depth between 
flange angles is more than 160 times the web thickness. 
Where intermediate stiffeners are required they should 
never be further apart in the clear than the clear distance 
between the flange angles, with a maximum limit of 5'. 

Concentrated load stiffeners act to transfer a concen- 
trated load into the web or to transfer the girder load to 
a support. The sketch of Fig. 86 will illustrate both cases. 
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FiG. 8b. 



The girder here shown being loaded with three con- 
centrated loads of 180,000, and its own weight of 250 
lbs. per linear foot. The lines of maximum web stress 
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for a girder of this character are very different from those 
of the girder of problem 6a. If such a girder were con- 
structed without stiffeners, and formula (7) were applied 
to finding the intensity of p„, this intensity would be 
found to be very high. The heavy vertical stifleners are 
added to transfer the point of application of these loads 
from the outer edges of the flanges to an average position, 
of the center of the web, and thereby decrease the inten- 
sity of vertical stress on horizontal planes just at the inner 
edge of the flange angles. These stiffeners cannot fully 
accomplish their object, as they are of elastic material and 
they are shortened by compression, and, as they are 
fastened to the web, the web and stiffeners move together 
except for a variation due to the deformation of the rivets. 
The stiffeners also serve to relieve the flange rivets from 
the component due to the vertical load. 

Stiffeners supporting concentrated loads may be designed 

as columns with the formula P = 16,000 —70— , in which i 

should be taken as one-half the girder depth and r as the 
radius of gyration about an axis in the longitudinal center 
line of the girder. 

Wherever the combined stress intensity on a web plate 
exceeds the allowable unit stress the stresses may be 
reduced by means of side plates, as shown by dotted lines. 

Where the concentrated load stiffeners are at the end 
of a girder they should have their outstanding leg about 
equal to the horizontal leg of the flange for the sake of 
good appearance, and where it is desired to face the ends 
of such girders the stiffening angles must be made thicker 
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by I" than theoretical considerations determine, to allow 
for material removed by such facing. 

PROBLEMS 

8a. Determine the size of the end stiffeners for the girder of Fig. 
5a, using two pairs of angles, one on the outer and one on the inner 
edge of the sole plate. 

8b. Assuming the wall plate to be 18" long for Fig. 5a, determine 
the size and spacing of the intermediate stiffeners for the girder. 

8c. Determine the sizes of the stiffeners at the points of concen- 
trated loading for the girder of Fig. 86. 

8d. Determine the sizes and spacing of the intermediate stiffeners 
for the girder of Fig. 8b. 

ART. 9. SPLICES FOR WEB PLATES 

Webs of plate girders should not be spliced unless neces- 
sary, but as wide plates cannot be procured in one piece, 
in general, for girders over 60 ft. long, splicing for long 
girders is unavoidable. The manufacturers furnish lists 
of the maximum dimensions of their plates. The number 
and location of the web splices should be determined by a 
combined consideration of the cost and resulting efficiency 
of the possible arrangements. The splice should be de- 
signed with the idea of transferring the stresses in the 
web across the cut in the most direct manner possible, 
just as in plate girder design as a whole the effort should 
be made to have the stresses developed as indicated by 
the theory of flexure for solid beams. Let it be required 
to splice the web at the center of the girder which has 
an effective length of 80', and a composition as shown in 
Fig. 9a. 

The girder has been designed on the assumption that 
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^ the gross area of the web is available as flange area. 
The maximum bending moment = 6,300,000 ft.-lbs. The 
center shear simultaneous with this moment = 0. The 
maximum ceJiter shear = 75,000 lbs., and the bending 
moment simultaneous with this = 3,400,000 ft.-lbs. 




Fig. 9a. 

The flange area is made up of: 

^ web = 96Xi;% Xi= 5.25 sq.in. 
2 angles 8x8x32.7 = 19.23-2.50 = 16.73 
1 cover plate 20 Xi = 10 -1.00= 9.00 
1 cover plate 20X^ = 10-1.00= 9.00 



a total of 39.98 sq.ins. 

The simplest form of web splice consists of two ver- 
tical plates terminated at the top and bottom by the 
vertical legs of the flange angles, but this makes a normal 
distribution of the web stresses impossible in the vicinity 
of the splice. The resultant of all the forces on any beam 
cross-section may be represented by a shear and a couple 
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as is well known from mechanics, but the proper form 
of splice should be designed with reference to the distri- 
bution of these forces. The portion of the web between 
the flange angles is so near the extreme 
fiber that the stresses may be assumed to 
be horizontal throughout. The flange unit 
stress has been taken at 16,000 lbs.; the 
bearing and shearing values for rivets will 
be taken to correspond to this at 24,000 
and 12,000 lbs. per square inch respect- 
ively, or at 50% more and 25% less than for 
tension. The thickness of the splice plates 
should be sufficient to transmit the maximum 
possible stresses which can occur at the point of maximum 
stress in the splice. 

The total stress on the portion of the web between 
the flange angles = (8" -1") X^ X 14,667 = 44,800 lbs.; the 
least that can be used for this part of the splice will be 
2 — 7x| flats for each flange. The net area of these two 
plates = 4.5 sq.in., while that of the strip of the web = 3.06 
sq.in. The bearing value of the rivets is less than that 
for double shear, hence one rivet is worth 9190 lbs. at 

43.75 
the edge of the web plate and 9190 X ."n =8350, an 

average for this part of the splice. The number of rivets 

on each side of the splice for splicing the strip = ooka 
= 5.37 or 6. 

For the condition of maximum moment there is no 
shear at the splice and the web stresses are horizontal. 

The number of vertical rows of rivets is evidently a 
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function of the vertical pitch, the more vertical rows the 
greater the vertical pitch. 

Let w=th.e pitch of the rivets in a vertical direction; 
n = number of vertical rows of rivets; 
d = distance from the neutral axis to horizontal 
row of rivets. 
For three vertical rows 



or 



or 



(w -1)^ Xl6,000Xd/48 = 3 X9190 Xd/48 
w = 34.570/7000 = 4.94", say 4|". 
For two vertical rows 

{w -1)^ X 16,000 Xd/48 = 2 X9190 Xd/48 
«) = 25,380/7000 = 3.62, say 3". 



For this splice 3 vertical rows on each side spaced 
4J will be used, as it gives a web plate with less reduction 
of strength at the splice. 

The splice should now be examined for the case of 

75,000 shear and simultaneous moment of 3,400,000 ft.-lbs. 

9190 X96 
From (5) the flange pitch at the center p=— _- „„„ 

= 11.6" for no part of the web acting as flange. The 

flange as designed uses 5.25 sq.ins. of the web for flange 

area; the pitch of the rivets connecting the flange angles 

, . 9190X96 „ ^ 39.98 ,„^,, 
to the web IS ^.^^ = ll.bX ^. „^ = 16.6 . 

75,000 Xgg^gg 

The 7xf flats on the vertical legs of the flange angles 
will therefore be made to take about 6 or 8 rivets on each 
side of the splice. 
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For a web splice at some point other than the center of 
the girder, the number of rivets in the flange plates on 
the side toward the center will be the number required 
for splicing the web; on the side toward the end the 
number will be the sum of those, for connecting flange to 
web plus those for web splice. 

The extreme fiber stress on the web for a moment 
of 6,300,000 ft.-lbs. was 16,000; for a moment of 3,400,000 
ft.-lbs. it is 8630. For the strip of web between the flange 
angles the previous determination is evidently ample. A 
study of the stress intensity at different points in the 
web for this condition of loading would show that the 
stress intensity was nowhere as great as for the case for 
which the splice was designed. 

A safe resultant rivet bearing of 9190 should not be 
exceeded. 

The vertical component on a rivet at either edge of 
the main splice plates will not exceed 75,000/54 = 1390 
lbs., the horizontal component =3.5 X^ X8630 x38/48xi 



= 3480 per rivet. The resultant = ^ 1390 +3480 =3800. 



PROBLEMS 

9a. What is the relative efficiency of the unriveted plate of Fig. 
9a to that of the section of the plate through the first vertical line of 
rivets in the splice. 

9b. Compute and compare the resisting moment of the rivets in the 
splice of Fig. 9a with that of the net section of the web plate through 
the first vertical line of rivets. 

9c. Make a sketch of a splice for the girder, using only two vertical 
rows of rivets on each side of the splice. 
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ART. 10. SPLICES FOR THE COMPONENT PARTS OF THE 

FLANGES 

SjDlicing any of the component parts of a girder flange 
should be avoided, as it is never necessary except to meet 
some emergency, or reduce the cost slightly. The flange 
angles and cover plates, for girdei's of the maximum length 
now used, may be obtained in one i)iece. The cost of a 
few very long pieces, however, may be so high, due to the 
expense of shipment in less than proper amounts, or the 
need of the completed structure may be so urgent, as to 
make it advisable to permit splicing of component parts 
of the flange. 

Flange angle splices should be located when jjossible 
as follows: 

a. Where there is an excess of flange section over the 

required amount; 

b. Between adjacent pairs of stiffeners, where these 

pairs of stiffeners are far enough apart to jjcrmit 
a splice of proper length to be made; 

c. So that not more than two flange angles shall be 

spliced in any cross-section of the girder; 

d. So that the flange angles on opposite sides of the 

girder flange will be spliced on opposite sides of 
the center of the girder. 

The splicing material should be disposed with reference 
to the shape of the section spliced. The splice for an 
angle with equal legs should be made by a cover angle 
with two equal legs. The net area of each leg of the splice 
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should equal the net area of the leg sphced. In general 
in splicing or connecting material under stress the splice 
or connection should be arranged to avoid any redistri- 
bution of stress. This requires that angles with unequal 
legs be spliced by cover angles with unequal legs, and 
that the net area of each leg of the one be equal to the 
net area of each leg of the other. 

The number of rivets in the splice on each side of the 
point where the angles are cut should be determined with 
care. The duty of the rivets in developing the flange 
stress as well as in connecting the spliced parts should 
be clearly understood. For the purpose of illustration let 
it be supposed that for the girder of Fig. 5a the only 
material available for the flange angles is 4 angles 6 X 6 X J 
-16' 4i" long and 4 angles 6 X6 X J -28' 4 J" long. This 
makes it necessary to splice the bottom flange at a point 
6' from the center of the girder. Fig. 10 shows the splice 
in considerable detail. The net area of the two angles = 9.52 
sq. ins., and this at 16,000 = 152,320 lbs. as the strength 
which must be developed by both the rivets and angles 
of the splice. Two 6x6xA angles with the legs cut to 
5V' each and the corner of the angle planed so to fit the fillet 
of the flange angles will be used for the splicing material. 

The shear, at the point of splicing, simultaneous with 
maximum flange stress, is 50,000 lbs. The pitch of the 
rivets cannot be less than 6" in each line without reducing 
the flange section (see Art. 3). 

The horizontal flange increment / per rivet from Formula 

(5)= — ^Q — X3 = 2540 when none of the web is assumed 
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to act as flange area; for this girder, however, 2.81 sq.in. 
of the web was assumed to act as flange area. The value 



of / therefore is 2540 -2540 X 



2.81 
24.33 " 



2540-290 = 2250 lbs. 




Fig. 10 (a and 6). 

Fig. 10 (c) shows the forces on a rivet through the wcl) 
and vertical legs of the splice and flange angles due to 
increment /. 

Spl. L" 




Fig. 10 (c, d and e). 

Fig. 10 {d) shows the forces on a rivet through the 
web and vertical legs of the sphce and flange angles due 
to splicing, for the left portion of the splice. 

Fig. 10 (e) shows the forces on a rivet through the 
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web and vertical legs of the splice and flange angles due 
to splicing, for the right portion of the splice. 

The unit stresses on the rivet will be taken at 12,000 
lbs. per square inch for shear, and 24,000 lbs. per square 
inch for bearing. 

Consideration of the forces on the rivets and the thick- 
ness of flange and splice material shows that the shearing 
value of the rivets is the determining one along the plane 

AA. 

152 320 
The number required in the vertical legs =7 — joTfi 

= 5.3 or 6. 

Ctx. 






g h 

Fig. 10 (/, g and h). 




^^SpI.L 



Fig. 10 (/), (g) and (h) show the forces on the rivets 

through the horizontal legs of the flange angles of the top 

flange splice. It is readily seen that the number of rivets 

. , 1 52,320 ^„ „ 
required ^J^T^oVq ^ ^-^ ^^ ^■ 




Fig. lOi. 



Cover plate splices should be located so that a simple 
lengthening of an outer cover plate will form the splice. 
For example if a splice were required in the first cover 
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plate of the girder of Art. 4, it should be spliced by 
extending the second cover a distance x, which must be 
enough to permit the location of a proper number of 
rivets, shown by the dotted lines in Fig. 10 (i). 



PROBLEM 

10. Design a splice for the flange angles of the girder of Prob. Aa^ 
which shall be located at the same point in the length of the girder 
as was the one used to illustrate this article. 



ART. 11. CONNECTING ONE GIRDER TO ANOTHER 

The problem of framing one girder into another is one 
so frequently met with that a connection for two adjacent 
stringers and the floorbeam between them will be designed 
to illustrate the method of making the computations for 
such connections. 




Fig. 11a. 

Fig. 11a is a line drawing of a plan showing the relative- 
position of girders, floorbeams, and stringers. A load on 
any stringer is carried first to the floorbeams at its ends. 
The floorbeam carries it to the girders and the girders 
to the abutments or other end supports. 
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The stringer is composed of 1 web plate 27x1; 

4 angles 5X3JX13.6 (|"). 

The floorbeam is composed of 1 web plate 38 X J; 

4 angles 5 X3ix 19.8 (f") 

The maximum stringer reaction is 97,800 lbs. (ZZ = 48,800 
Imp. = 46,600 and dZ = 2400). 

The maximum reaction for two stringers is 131,700 lbs. 
(ZZ = 66,300, Imp. = 60,600 and dZ = 4800). 

The requirements of construction will be assumed to 
demand that the bottom flange of the stringer be 4J" 
above the bottom flange of the floorbeam. The connection 
between the stringer and floorbeam is made by two ver- 
tical angles which are riveted onto the stringer in the 
bridge shop. The rivets through the outstanding legs of 
the connection angles and the floorbeam web must be 
field driven. The unit stresses are 12,000 and 24,000 for 
shear and bearing for shop rivets and 20% less than these 
values for field-driven rivets; |" rivets will be used and 
the connection angles will be made J" thick so that after 
they are faced on the back of their outstanding legs they 
will not be less than f " thick on these legs. 

Fig. 11 (d) shows how the load W is applied to each 
rivet and carried to the stiff eners. The rivet should be 
examined for crushing by the web for W and for shear 

for^. 

97 800 
The number required for crushing = .. ^'i-^,^ = 9.3 or 10. 

97 800 
For shear the number = Jjo- Tq = ^-^ or 7. The upper 

and lower rivet in the lines xx and zz of (b) cannot be 
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counted for this connection, as they have other duty to 
perform. Therefore, in order that the rivets be not closer 
than 3", a leg for the connection angles which will contain 
2 rows of rivets must be used. As 10 rivets are required, 
a symmetrical arrangement demands 11. These rivets pass 
through fillers and a good requirement is to extend the 
fillers for such cases and put 50% additional rivets through 




{b) 



Cc) 





Fig. 11. 

them. Many good designers consider it allowable to assume 
that fillers connected to web plates by a line of rivets 
such as yy increase the bearing value of rivets in lines 
XX and zz by the entire bearing value of the rivets in yy. 

Consideration of (c) of Fig. 11 shows that it will be 
possible to get 

16 rivets in the two lines oo and have them a little 
over 3" apart, and 
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18 rivets in the two lines oo and have part of them 
2| and part 3" apart. 

Fig. 11 (e) shows how the forces act on a rivet con- 
necting the outstanding legs of the connection angles to 
the floorbeam web. 

The bearing value of a field rivet in the f (net thickness) 
stifTener leg is 6300. 

The shearing value of a field rivet is 5770. 

For the maximum stringer load the number of rivets 

97 800 
required for shear = ^.i-,„ = 16.95 or 18, which would enable 

two lines of rivets to be used, if part of the number are 
23" apart. 

The rivets must also be examined for bearing on the 
floorbeam web when both stringers are bringing their com- 
bined maximum loads at this connection. The bearing 
value of a field rivet in the i" floorbeam web =8400 Ibs'. 

The number of rivets required =—n~-j— = 15.6 or 16, 

which is one less than the number which are required for 
maximum shear on the rivets for one stringer loaded. 

The number of rivets by the second computation is 
usually, though not in this case, the larger and hence the 
governing one. The rivets should be located on the lines 
00 in (c) of Fig. 11. The two fillers under the connection 
angles and on the stringer web must be Y' thick and 3" 
wider than the angle leg. They should therefore be 9" xY' 
flats. 

The requirement of two lines of rivets for the leg of 
the connection angle against the stringer web demands a 
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6" leg. One line between each leg of the connection 
angle and the floorbeam web fixes the width of the out- 
standing leg at SJ or 4". 

The connection angles cannot be less than |" in thick- 
ness. Examination of this net section through lines xx 
and 00 shows them to be ample to resist shear. Some- 
times they must be increased in thickness for this. 

The connection angles are therefore made 6 X4 X16.2 (J). 

PROBLEM 

H. Design the connection between two adjacent stringers and their 
floorbeam. The stringer consisting of 
1 web24XA; 
4 angles 5 X3iX 15.2 (A) 
The floorbeam consisting of 

1 web34Xi; 

4 angles 5X3^X13.6 (i); 

2 covers 11 xi. 

The shears being the same as for the example solved in this article. 

ART. 12. END BEARINGS 

The end bearings of a girder must receive the load 
brought to the end of the girder and distribute the same 
over the masonry or other support. For the single-track 
girder of Art. 4, which was taken to illustrate the method of 
finding lengths of cover plates an end reaction of 193,500 
lbs. was assumed. For girders less in length than 60' one 
end of the girder is bolted to the masonry and the other 
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allowed to slide on a plate. This arrangement makes the 
determination of the reactions possible. 

The area of the bearing on the wall, assuming the bridge 
seats to be of granite and 600 lbs. per square inch as a 

unit stress, should be — ^' =323 sq.in. 

bOO 

It is not advisable to make an end bearing of the simple 

nature indicated in Fig. 12 too long. The tendency of 







Fig. 12. 

such a bearing is to overstress the bearing along its inner 
edge. 

The upper plate of the two shown at each end is 
called the sole plate, and is connected by rivets, counter- 
sunk on the bottom, to the girder. The bottom of the 
sole plate at (6), the expansion end, should be planed. 
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The lower plate of the two shown at each end is called 
the wall plate. 

The upper surface of the wall plate at (6), the expan- 
sion end, should be planed. 

The wall plates are held in position by the two anchor 
bolts at each end. 

The bearings at the ends of the girder, when of two 
simple plates, should not be too wide, as the tendency 
of the bearing is to overload the masonry along the portion 
covered by the bottom flange of the girder. 

The bearing for this case will be made 18 X18". 

The two plates which project beyond the bottom flange 
angles must be strong enough in flexure to distribute the 
load on the bridge seat. Each inch of length of the plates 
may be considered acted on in a transverse direction by 
the forces shown in (d). 

The bending moment then 
= 5400(9/2 -6.18/2) =5400X1.41=7614 in.-lbs. 

If the sole and wall plates be made of equal thickness, 
then the resisting moment of each plate must be 3807 
in.-lbs. 

The depth (or thickness) of plate required may be 

obtained from M=^ = ^^ = 3807 or ^2=^^^^X6 = 1.43" 

and d = 1.25" about. 

These plates should neither of them be less than f"" 
thick, even if a less thickness would furnish proper strength. 

For small spans generally only two pairs of stiffeners, 
one over the outer and the other on the inner edge of the 
bearing plates, are used. 
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The end stiffencrs for this case should be 5X3J angles 
and their radius of gyration in a direction transverse to 
the web is 2.78" approximately. The required area for 
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(d) 
Fig. 12. 



■(e) 



these stiffencrs =t^^ = 12.7 sq.in. [P = 16,000 -707^7^ 

= 16,000-750 = 15250]. 

Therefore 4 angles 5 X3i X12(^) =14.11 sq.in. will be 
ample. 

The addition of another pair of stiffencrs over the 
center of the bearings would help greatly in distributing 
the pressure over the wall plates, as their outstanding 
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Fig. 12. 



legs would prevent an upward deflection of the plates 
and angles between the pairs of stifTeners. The additional 
stiffencrs are shown by dotted lines in Fig. 12 (a) and (&). 
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A better bearing for the ends of this girder could be 
made by making it shorter in the direction of length of 
the girder and using either a cast or built-up pedestal to 
distribute the load in a transverse direction as is indicated 
in (/) and (g) of Fig. 12. For a length of 12" the width 
should be 27". The sizes for either case (/) or (g) should 
be determined from the laws of flexure, and direct stress. 

For longer girders with greater end reactions to secure 
proper distribution of the load on the masonry and proper 
application of the reaction to the girder, a bearing should 
be used which by means of its form and action will insure 
this result. This is generally accomplished by means of 
an upper and lower shoe, both of which may freely rotate 
about a pin. These upper and lower shoes should have 




■EfE. Length- 




Fig. 12h. 

proper bending strength and proper bearing on the pin 
and masonry. These shoes may be either built up of 
rolled material or cast in one piece. Their detailed design 
will not be undertaken here, as no new principles are to 
be developed. 

PROBLEM 

12. Design an end bearing for a girder of a single-track railway 
bridge of 36' effective length, the cross-section of the girder at the 
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end being 1 web plate 48XA and 4 angles 6X6X19.2(J), the end 
reaction being 180,000 lbs. 



APPENDIX 

ART. 13. POSITIONS OF LOADING FOR MAXIMUM SHEAR 
AND MOMENT 

The shears and moments, which are necessary for the 
design of plate girder bridges, are required for such a 
great variety of span lengths within the limiting lengths 
of span for such structures, that special methods of 
computing and tabulating them are advisable. In the 
principal Railway Engineers' Bridge Works and Consulting 
Engineers' offices the major part of the structures designed 
will be made for some standard loading. The loading 
known as Cooper E50 is perhaps more widely used than 
any other for railway bridges. The quantities given in 
Table No. 1 are for Cooper's E50 and are similar to those 
which should be determined and kept on record for any 
standard loading to enable design to be made with proper 
facility. 

Shears 

In computing shears it should be noted that for deck 
bridges the maximum end shear is given for the engine 
located so that either the first or last driving wheel stands 
at the end of the span. 

The maximum shear at an interior point on the left 
of the center of the span is given when the load extends 
from the right and up to the point and perhaps a little 
beyond. Every load that passes from just to the right 
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of the point to just the left of the point under consideration 

causes a decrease in shear by the amount of that load. 

Any further movement of the system to the left increases 

the shear until another load passes from the right to the 

left of the point. The maximum shear must therefore be 

determined by trial and generally will occur for the first 

or second engine wheel just to the right of the given point. 

For through bridges the maximum shear in any panel 

W 
is given when the well-known criterion P= — is satisfied, 

in which P is the load in the panel, W the total load on 

the bridge and m the number of equal panels in the span. 

Sometimes two or even three positions of the load satisfy 

the criterion, in which case the maximum shear is determined 

by comupting the shear for all positions which satisfy 

the criterion. 

For maximum concentrated load brought to a floor 

beam or trestle bent by two adjacent stringers or girders: 

nW 
The criterion for position is P= — ; — , in which n and 

m are the lengths of the adjacent spans and P the load 
on the span of length n, and W the load on both spans. 

Bending Moments 

The bending moment, due to a certain number of 

moving loads at any definite point in a girder either deck 

nW 
or through, is a maximum when P=— — , in which P is 

the load on the left of the point, W the total load on the 
structure and n the distance from the point to the left 
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end and m the span length. This criterion enables any 
group of loads to be placed to produce a maximum moment. 
The criterion will sometimes be satisfied by more than 
one position of the live load, generally that position which 
has the heaviest load at the point under consideration 
and in addition the greater load on the structure is the 
one giving maximum moment. The moment for all posi- 
tions of load which satisfies the criterion must be com- 
puted for a certain determination of the maximum. 

For a deck structure the point of maximum bending 
moment occurs at or near the center, generally a little 
distance away from the center, the location of this point 
of maximum moment being different for different systems 
of loading. To aid in determining the position of the 
loading for absolute maximum it should be remembered 
that: 

(a) The maximum moment must occur where the shear 
passes through zero; 

(6) For a system of concentrated loads the shear must 
pass through zero at one of the loads; 

(c) The amount of load on either segment, into which 
the point of maximum moment divides the span, 
is to the total load on the span as the length 
of the segment is to the span length. 

These requirements for practical cases fix the point of 
maximum bending moment under one of the two wheels 
adjacent to the resultant of the system. The criterion for 
the exact position -^f the loading to produce maximum 
bending moment follows : 
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For any given system of loading, the loads should be 
so placed that the center of the span is half loay between the 
resultant of the system and one of the two loads which are 
nearest to the resultant. This criterion may be established 
as follows: 

Let Fig. 13a show any girder carrying the system of 
moving loads shown. 
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Fig. 13a. 



Let a be the center of the span; 

be the point of maximum moment which occurs 

under o or n; 
the resultant of the system = W; 
c be the distance of W from the right end; 
the resultant of the loads to the left of o be P; 
b be the distance from o to P; 
X be the distance from o to a; 

Then the bending moment at 

o = M^R^{\-x) -Pb-^{{-x) -Pb 



Wc Wcx 
"^~ I 



-Ph. 



(«) 
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Now suppose the loading to advance a small distance 
to the left of dx, then h = h, x = x+dx, and c = c+dx, and 
the bending moment 

M' = Ki(^-[x + dx]) -P& as R^=-^^~^mB 
neglecting terms containing dx^, 



M'=^—^ ^+^ 1 P^- ■ C«) 



Wc Wcx Wcdx . Wdx Wxdx 

^ r ' 

Subtracting (a) from (/3) 

Wdx Wxds Wcdx 
M -M' = dm= 2~ +~^ +—[— 

dm_ _W Wx^ Wc^ 
dx~ 2 ^ I '^ I ' 

and for a maximum this must equal 0. 

TV Wx Wc ^ 

-T+-r+-r-'^ 
I 

which establishes the criterion as stated. 

PROBLEMS 

13a. Compute the maximum bending moment for a deck plate 
girder of 18' effective span length for Cooper's E50. Assume the girder 
to carry one-half the loading. 

13b. Compute the maximum bending moment for a 2.5' span, same 
loading as 13a. 

13c. Compute the maximum center moment for a 25' span, same 
loading as 13a. 



TABLE OF BENDING MOMENTS, ETC. 
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ART. 14. PREPARATION OF A TABLE OF BENDING MOMENTS, 
SHEARS, AND CONCENTRATED LOADS FOR COOPER'S E^ 
LOADING 

The great advantage of a table of moments and shears is 
that it may be prepared in a few days for all spans for which 
it is at all likely to be needed. Computations for a system 
of quantities made at one time show by the law of the 
increase or decrease of the quantities any error, and the 
similarity of the computations enables them to be very 
rapidly made. When a system of many loads moves over 
spans of varying length it is evident that one load produces 
maximum moment for spans up to a certain length, two 
loads for a certain other length, and so on. 



s 




, I 


X 5 









Fig. 14a. 



For one load on a span see Fig. 14a. 

M = Ril -.) ^'-^il -X) =50,000x -^^ 



I 



or M = a max., when 
50,000Z 






M- 



, which, as is well known, is the general 



expression for max. moment for any span with one load. 
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The general equation for moment for two loads spaced 
5' apart is 

250,000 +100,000x. 



M = R{l-5-x)=- 



l 



-{l-x-5) 



X x^ 1 250 000 
= 250,000 Xl00,000x -750,000-^ -100,000-y — ' — ^ ' 

dM _^^^^ 750,000 200,000a; ^ ^ n nr 

-— = 100,000 ^ -j^ =0. .-. x = 2-3.75. 





^l-s-x ^ 


^_ 6' . 


. 


t t 






'1 



Fig. 146. 



Substituting for x its vlaue, we have for 



M = 



I 



250,000 + 100,0001 2 -3.75 I ^ ^ 
I 

= 250,000^-125,000 



— ^[z-^ +3.75 -5] 



156,250 



By plotting the curves of moments for different lengths 
of spans wc see that somewhere between 8' and 9' one 
load and two loads produce the same moment. 

To find this point exactly we make the equations for 
moments simultaneous and solve to find the value of I 
for which the moments are equal. 

For this case ^^^ = 250,000Z - 125,000 + i^, 
whence Z = 8.54'. 

The next step is to get the general equation of moments 
for three loads. Make it simultaneous with that for two 
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loads, and solve for Z, which gives the upper limit for two- 
loads as 11.125'. 

The equation for 4 loads is 



-17 = 50,000/ -500,000 + 



312,500 
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Spans in Feet* 
Fig. 14c. 

The equation for five loads will now be written 

r. . f • Kf 1 1 2,075,00 

dist. of e.g. from right load ^^o^c^qoo" ""^-^-^ • 






Fig. 14d. 



The point of max. moment will be under the second 
driver. 



Reaction at R\ = 



2,075,000 +225,000.T 
I 
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Maximum bending moment 

2,075,000 +225,000x „ „„ , „, .«.„„„ 

=~ J '- X (l -X -23+13) -575,000 

_ 2,075,000+225,000. ^ ^^ _^ _^„, __^,^ „^„ 
-2,075,000 +225,000. - MZiiOOOx +225,000. 



I 

20,750,000 +2,250,000.T 



-575,000 



^^ 99r;nnn ^,075,00 450,000:^ 2,250,00 ^ 
^ = 225,000 ^ ^ ^ = 

_ 450,000x ^ _225 QQQ ^2, 075,000+2,250,000 

450,000x = 225,000Z - 4,325,000 
a; = 2 -9.61. 

Substituting this value for x in the following simplified 
expression for the moment 

1,500,000 +225,000x - '-^^^f^ - ?^'- - MZ^O 
there is given 

ilf = l,500,000+225,000(|-9.6l) -i^E^ (|- -9.6l) 
225,000 / Z Y 20,750,000 



-g.eiV 



r~V2-^-"V 1 

= 1,500,000 +11 2,500Z -2,162,500 -2,162,500 +^i^^^- 

20,783,925 20,750,000 



-56,250Z +2,162,500 



I I 



34 131 ^4. 1 "^i 

= -662,500+-^^ — +56,250Z = 56,250Z -662,500+^^—!^. 
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Makin;^ the moments for four and fivo loads equal, we have: 



50,000^ -500,000 + 



312,500 

I 



Q4 1 01 

-662,500+^^ +5G,250i 



278,369 



-6250Z= -162,500 

6250^2 -162,500^= +278,369 
Z2-26Z = 44.54 
Z2 -26^+169 = 44.54 + 169 
/ -13= ±213.54= ±14.61 
Z = 13 ±14.61 =27.61' 
as the limiting length of span for which four loads pro- 
duce maximum moments. 

The tabulation following shows the moments and the 
jjositions of the loads that produce then for the spans 
from 9 to 27' for intervals of 1'. 



Span" 
9 
10 
11 
12 
13 
14 
15 



16 
17 
18 
19 
20 
21 



22 
23 
24 
25 
26 
27 



28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 



Mom.= 
117,360 
140,625 
164,200 
200,000 
237,500 
275,000 
312,500 



350,000 
387,500 
425,000 
466,4.50 
515,625 
564,880 



614,210 
663,500 
713,020 
762,500 
812,020 
861,570 



Limits: / o -rc^ 

8.536' a:=2--3.75 

t° !'','■> 000 

11.124' 7J=50,OOO-^^— 

M= 25,000^-125,000+ 



mm' 



1.56,2 .50 
I 



^111 



m 



I 



Limits: 
11.125' 

to fi= 75,000 
18.66' M=37, 500^-250,000 



x = --o' 



iWJ^ 



M.11U.1 



<-6*-5'< 



Limits: 
18.67' 

to 
27.61' 



.T=:^-8.75' 



.B= 100,000- 



2.50,0 00 
I 



mm 



§LlllIlll 



Af=50,000i-.50,000 + 



312,5 00 
T 



■«-5'*«-5^5'->Ki 
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PROBLEMS 
14a. Compute the foregoing table up to 38'. 

14&. Compute the maximum II end shear for one girder of a 38' 
effective single-track deck plate-girder bridge. Two girders carry one 
track. Cooper's E50. 

ART. 15. TABLE OF MOMENTS, SHEARS AND CONCENTRATED 
LOADS FOR COOPER'S E,„ 

The method of writing equations for bending moments 
of Art. 14 need not be followed for spans over 30' long. 
For spans over 30' in length the maximum center moment 
is only a small fraction of one per cent, less than the 
absolute maximum moment. The following table gives a 
convenient arrangement of the quantities for spans up to 
75' effective length. 

For through spans tables of moments at the panel 
points and shears in all the panels for varying number 
of panels and panel length arc readily prepared and should 
be made for any loading as much used as Cooper's systems. 

PROBLEMS. Loading Cooper's E^o. 

15a. Compute the live load concentralion for a trestle bent which 
carries adjacent spans of 30' and 60'. Shuw by a sketch the position 
of loads. 

15b. Compute the maximum center moment for a 60' span. Show 
by sketch the position of loads. 

15c. C'ompute the maximum shear ;it the center of a 60' span. 
Show by sketch the position of loads. 

15d. Compute the maximum shear at a point 15' from one end of 
a 60' span. Show by sketch the position of the loads. 
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Span 


End 


Q. Pt. 


C. 


C. 


Cone. 




Span 


End 


Q. Pt. 


C. 


c. 


in ft. 


Sh. 


Sh. 


Sh. 


Morn. 


Fl. Bm. 




in ft. 


Sh. 


Sh. 


Sh. 


Mom. 


10' 


75.0 


50.0 


25.0 


140.6 


100.0 


to 


43' 


198.4 


122.1 


57.3 


1856.5 


11' 


81.9 


52.3 


27.3 


164.3 


109.1 


CO 


44' 


201.4 


123,8 


58.0 


1929.0 


12' 


87.5 


54.1 


29.1 


200.0 


116.6 


\\ 


45' 


204.3 


125.4 


58.6 


2001.5 


13' 


92.3 


55.8 


30.8 


237.5 


123.1 


o 


46' 


207.0 


126.8 


59.3 


2074.0 


14' 


96.4 


58.9 


32.1 


275.0 


130.4 


CO 


47' 


209.9 


128.5 


59.9 


2146.5 


15' 


100.0 


62.5 


33.4 


312.5 


136.6 




48' 


212.6 


130.3 


60.4 


2219.0 


16' 


106.2 


65.6 


34.4 


350.0 


142.3 


o 


49' 


215.4 


132.0 


61.3 


2297.0 


17' 


111.8 


68.4 


35.3 


387.5 


147.0 


Tl< 


50' 


218.1 


133.6 


62.1 


2377.3 


18' 


116.6 


70.9 


36.1 


425.0 


151.6 


to 


51' 


220.9 


135.3 


63.0 


2457.6 


19' 


121.0 


73.0 


36.0 


466.5 


157.3 


CO 


.52' 


223.5 


136.9 


63.8 


2.5.3S.0 


20' 


125.0 


75.0 


35.9 


515.6 


163.9 


11 


53' 


226.3 


138.4 


64.5 


2618 4 


21' 


128.6 


78.6 


37.0 


564.9 


169.9 


o 


54' 


229.0 


140.1 


65.3 


2702.6 


22' 


131.9 


81.9 


38.0 


614.3 


175.4 


to 
t3 


55' 


231.8 


142.0 


66.0 


2791.5 


23' 


134.8 


84.7 


38.9 


663.6 


180.4 




56' 


234.4 


143.8 


66.6 


28S0 , 1 


24' 


137.5 


87.5 


39.8 


713.0 


184.9 


o 


57' 


237.1 


145 5 


67.3 


2968.9 


25' 


142.0 


90.0 


40.5 


762.5 


189.1 


« 


58' 


239.8 


147 1 


67.9 


3057.6 


26' 


145.3 


92.3 


41.4 


812.0 


194.3 


g 


59' 


242.4 


148.8 


68.8 


3150.5 


27' 


148.1 


94.5 


42.1 


861.6 


200.3 


o 

o 


60' 


245.0 


150.3 


69.6 


3247 . 1 


28' 


151.1 


96.4 


42.9 


913.8 


205.8 


a 


61' 


247.8 


151.8 


70.5 


3343.9 


29' 


153.9 


98.3 


43.5 


969.9 


210.9 


m 


62' 


250.4 


153.3 


71.3 


3440 . 5 


30' 


157.6 
161.1 


100.0 
101.9 


44.1 
45.5 


1026.1 
1082.3 


215.6 


E 


63' 

64' 


253.6 
256.8 


154.8 
156.3 


72.0 
72.8 


3537.3 


31' 


"a 2 ■ 


,3638.8 


32' 


164.3 


103.9 


46.9 


1138.6 


65' 


259.5 


157.8 


73 . 5 


3743.8 


33' 


167.4 


105.9 


48.1 


1194.9 


66' 


262.4 


159.3 


74.3 


3848. 8 


34' 


170.3 


107.8 


49.3 


1251.0 


S d s -H 


67' 


266.0 


160.8 


74.9 


.3963 , S 


35' 


172.9 


109.5 


50.4 


1307.4 


68' 


269.5 


162.3 


75.6 


40.58 S 


36' 


176.4 


111.1 


51.4 


1371.7 


-1 § 


69' 


273.0 


163.8 


76.2 


4163.8 


37' 


179.6 


112.5 


52.4 


1435.9 


70' 


276.3 


165.3 


76.9 


4268. S 


38' 


182.8 


113.8 


53.3 


1500.0 


g g _^ £ 


71' 


279.5 


166.8 


77.7 


4376 . 


39' 


185.8 


115.0 


54.1 


1566.6 


g _ 1" m 


72' 


283.4 


168.3 


78.5 


4481.3 


40' 


188.5 


116.9 


55.0 


1639.1 


-5 a ° « 

CO y CD 


73' 


287.0 


169.9 


79.2 


4588.1 


41' 


192.0 


118.8 


55.8 


1711.6 


^^.|s 


74' 


290.6 


171.3 


80.0 


4700.0 


42' 


195.3 


120.5 


56.5 


1784.1 


» S S l2 


75' 


294.3 


172.6 


80.7 


4813.8 
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Groteofelt's Principles of Modem Dairy Practice. (Woll.) 12mo, 2 00 

* Herrick's Denatured or Industrial Alcohol 8vo, 4 80 

Holm's Milk in Denmark. (In Press.) 

* Kemp and Waugh's Landscape Gardening. (New Edition, Rewritten.) 12mo, 1 50 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 1 50 

Maynard's Landscape Gardening as Applied to Home Decoration 12mo, 1 50 

Sanderson's Insects Injurious to Staple Crops. . * 12mo, 1 50 

Insect Pests of Farm, Garden, and Orchard. (In Press.) 

* Schwarz's Longleaf Pine in Virgin Forest 12mo, 1 25 

* SolotarofE's Field Book for Street-tree Mapping 12mo, 75 

In lots of one dozen 8 00 

* Shade Trees in Towns and Cities 8vo, 3 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

Winton's Microscopy of Vegetable Foods 8vo, 7 50 

WoU's Handbook for Farmers and Dairymen 16mo, 1 50 

ARCHITECTURE. . 

Atkinson's Orientation of Buildings or Planning for Sunlight. (In Press.) 

Baldwin's Steam Heating for Buildings 12mo, 2 50 

Berg's Buildings and Structures of American Railroads 4to, 5 00 
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Eirkmire's Architectural Iron and Steel 8vo, 

Compound Riveted Girders as Applied in Buildings 8vo, 

Planning and Construction of American Theatres 8 vo, 

Planning and Construction of High Office Buildings 8vo, 

Sheleton Construction in Buildings 8vc, 

Briggs's Modem American School Buildings 8vo, 

Byrne's Inspection of Materials and Workmanship Employed in Construction. 

16mo, 

Carpenter's Heating and Ventilating of Buildings 8vo, 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 

Eckel's Building Stones and Clays. (In Press.) 

i"'reitag's Architectural Engineering 8vo, 3 50 

Fire Prevention and Fire Protection. (In Press.) 

Fireproofing of Steel Buildings 8vo, 2 50 

Gerhard's Guide to Sanitary Inspections. (Fourth Edition, Entirely Re- 
vised and Enlarged.) 12mo, 1 50' 

* Modem Baths and Bath Houses 8vo, 3 00 

Sanitatipn of Public Buildings 12mo, 1 50 

Theatre Fires and Panics 12mo, 1 50 

* The Water Supply, Sewerage and Plumbing of Modem City Buildings, 

8vo, 4 00 

Johnson's Statics by Algebraic and Graphic Methods 8vo, 2 00 

Kellaway's How to Lay Out Suburban Home Grounds 8vo, 2 GO 

Kidder's Architects' and Builders' Pocket-book 16mo, mor., 5 OO 

Merrill's Stones for Building and Decoration 8vo, 5 00' 

Monckton's Stair-building 4to, 4 00 

Patton's Practical Treatise on Foundations 8vo, 5 00 

Peabody's Naval Architecture 8vc, 7 50' 

Rice's Concrete-block Manufacture 8vo, 2 00 

Richey's Handbook for Superintendents of Construction 16mo, mor. 4 00 

Building Foreman's Pocket Book and Ready Reference. . 16mo, mor. 5 00 
* Building Mechanics' Ready Reference Series: 

* Carpenters' and Woodworkers' Edition 16mo, mor. 1 50 

* Cement Workers' and Plasterers' Edition 16mo, mor. 1 50- 

* Plumbers', Steam-Fitters', and Tinners' Edition. . . 16mo, mor, 1 50 

* Stone- and Brick-masons' Edition 16mo, mor. 1 50 

Sabin's House Painting 12mo, 1 00 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, 1 50 

Snow's Principal Species of Wood 8vo, 3 50 

Wait's Engineering and Architectural Jurisprudence j 8vo, 6 OO 

Sheep, 6 50 

Law of Contracts 8 vo, 3 OO 

Law of Operations Preliminary to Construction in Engineering and 

Architecture 8vo, 5 00 

Sheep, 5 50 

Wilson's Air Conditioning 12mo, 1 50 

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small 

Hospital 12mo, 1 25. 



ARMY AND NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and 'the Theory of the Cellu- 
lose Molecule 12mo, 2 50 

Chase's Art of Pattern Making 12mo, 2 50 

Screw Propellers and Marine Propulsion 8vo, 3 00' 

* Cloke's Enlisted Specialists' Examiner 8vo, 2 00 

* Gunner's Examiner 8vo, 1 50- 

Craig's Azimuth 4tu, 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 

* Dudley's Military Law and the Procedure of Courts-martial. . .Large 12mo, 2 50 
Durand's Resistance and Propulsion of Ships 8 vo. 5 OO 

2 



* Dyer's Handbook of Light Artillery 12mo 

Eissler's Modern High Explosives gvo 

* Fiebeger's Text-book on Field Fortification Large 12mo, 

Hamilton and Bond's The Gunner's Catechism 18moi 

* Hoff 's Elementary Naval Tactics ■, gvo] 

Ingalls's Handbook of Problems in Direct Fire 8vo! 

Interior Ballistics. (In Press.) 

* Lissak's Ordnance and Gunnery gvo, 

* Ludlow's Logarithmic and Trigonometric Tables gvoi 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II..8vo,each, 

* Mahan's Permanent Fortifications. (Mercur.) gvo, half mor. 

Manual for Courts-martial 16mo, mor. 

* Mercur's Attack of Fortified Places l2mo, 

* Elements of the Art of War " gvo, 

Nixon's Adjutants' Manual ' 24mo, 

Peabody's Naval Architecture gvo, 

* Phelps's Practical Marine Surveying gvo, 

Putnam's Nautical Charts gvo, 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables. 8vo, 

* Selkirk's Catechism of Manual of Guard Duty 24mo, 

Sharpe's Art of Subsisting Armies in War 18mo, mor. 

* Taylor's Speed and Power of Ships. 2 vols. Text 8vo, plates oblong 4to, 

* Tupes and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

24mo, leather, 

* Weaver's Military Explosives 8vo, 

* WoodhuU's Military Hygiene for Officers of the Line Large 12mo, 

ASSAYING, 

Betts's Lead Refining by Electrolysis gvo, 

*Butler's Handbook of Blowpipe Analysis 16mo, 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 

Furman and Pardoe's Manual of Practical Assaying gvo, 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. 8vo, 

Low's Technical Methods of Ore Analysis 8vo, 

Miller's Cyanide Process 12mo, 

Manual of Assaying 12mo, 

Minet's Production of Aluminum and its Industrial Use. (Waldo. )...12mo, 

Ricketts and Miller's Notes on Assaying Sve, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 

* Seamon's Manual for Assayers and Chemists Large 12mo, 

Ulke's Modern Electrolytic Copper Refining 8vo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo, 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 

Craig's Azimuth 4to, 

Crandall's Text-book on Geodesy and Least Squares 8vo, 

Doolittle's Treatise on Practical Astronomy 8vo, 

Hayford's Text-book of Geodetic Astronomy — 8vo, 

Hosmer's Azimuth 16mo, mor. 

* Text-book on Practical Astronomy 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 

* Michie and Harlow's Practical Astronomy 8vo, 

Rust's Ex-meridian Altitude, Azimuth and Star-Finding Tables 8vo, 

* White's Elements of Theoretical and Descriptive Astronoiry 12mo, 

CHEMISTRY. 

'•' Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) 8vo, 5 00. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.) 12mo, 1 25 

Alexeyeff's General Principles of Organic Syntheses. (Matthews.) 8vo, 3 00 
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Allen's Tables for Iron Analysis 8vo, S3 OO 

Armsby's Principles of Animal Nutrition 8vo, 4 00 

Arnold's Compendium of Chemistry, (Mandel.) Large 12mo, 3 50 

Association of State and National Food and Dairy Departments, Hartford 

Meeting, 1906 : '. 8vo. 3 OO 

Jamestown Meeting, 1907 8vo, 3 00 

Austen's Notes for Chemical Students ,, 12mo, 1 50 

Baskerville's Chemical Elements. (In Preparation.) 

Bemadou's Smokeless Powder. — Nitrg-cellulose, and Theory of the Cellulose 

Molecule 12mo, 2 50 

* Biltz's Introduction to Inorganic Chemistry. (Hall and Phelan.). . . 12mo, 1 25 

Laboratory Methods of Inorganic Chemistry. (Hall and Blanchard.) 

8vo, 3 00 

* Biij^gham and White's Laboratory Manual of Inorganic Chemistry. .12mo. 1 00 

* Blanchard's Synthetic Inorganic Chemistry 12mo, 1 00 

Bottler's Varnish Making. (Sabin.) (In Press.) 

* Browning's Introduction to the Rarer Elements 8vo, 1 50 

* Butler's Handbook of Blowpipe Analysis 16mo, 75 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 3 00^ 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

Cohn's Indicators and Test-papers 12mo, 2 00 

Tests and Reagents Svo, 3 00 

Cohnheim's Functions of Enzymes and Ferments. (In Press.) 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1 25 

Dannerth's Methods of Textile Chemistry 12mo, 2 00 

Duhem's Thermodynamics and Chemistry. (Burgess.) Svo, 4 00 

Effront's Enzymes and their Applications. (Prescott.) Svo, 3 00 

Eissler's Modern High Explosives Svo. 4 00 

* Fischer's Oedema Svo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00- 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

16mo, mor. 1 50 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) Svo, 5 00- 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells. )Svo, 3 00 

Quantitative Chemical Analysis. (Cohn.) 2 vols 8vc, 12 50 

When Sold Separately, Vol. I, $6. Vol. II, S8. 

Fuertes's Water and Public Health , 12mo, 1 50 

Furman and Pardoe's Manual of Practical Assaying Svo, 3 00 

* Getman's Exercises in Physical Chemistry 12mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25- 

* Gooch and Browning's Outlines of Qualitative Chemical Analysis. 

Large 12mo, 1 25- 

Grotenfelt's Principles of Modern Dairy Practice. (Well.) 12mo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 1 25 

* Hammarsten's Text-book of Physiological Chemistry. (Mandel.) Svo, 4 00 

Hanausek's Microscopy of Technical Products. (Winton.) Svo, 5 OO' 

* Haskins and Macleod's Organic Chemistry 12mo, 2 00 

* Herrick's Denatured or Industrial Alcohol. . . - ♦ Svo, 4 00 

Hinds's Inorganic Chemistry Svo, 3 00 

* Laboratory Manual for Students 12mo, 1 00 

* HoUeman's Laboratory Manual of Organic Chemistry for Beginners. 

(Walker.) 12mo. 1 00 

Text-book of Inorganic Chemistry. (Cooper.) Svo, 2 60 

Text-book of Organic Chemistry. (Walker and Mott.) Svo, 2 50 

HoUey's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 3 00 

Hopkins's Oil-chemists' Handbook Svo 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, 1 25 
Johnson's Rapid Methods for the Chemical Analysis of Special Steels, Steel- 
making Alloys and Graphite Large 12mo, 3 00 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 00 

Lassar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) 12mo, 1 00 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control Svo, 7 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) Svo, 3 CO 

4 



Lodge's Notes on Assaying and Metallurgical Laboratory Experiments.. 8vo, $3 00 

Low's Technical Method of Ore Analysis 8vo, 3 00 

Lowe's Paint for Steel Structures 12mo, 1 00 

Lunge's Techno-chemical Analysis. (Cohn.) 12mo, 1 00 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 1 50 

Maire's Modern Pigments and their Vehicles 12mo, 2 00 

Mandel's Handbook for Bio-chemical Laboratory 12mo, 1 50 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe 

12mo, 60 

Mason's Examination of Water. (Chemical and Bacteriological.) 12mo, 1 25 

Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

* Mathewson's First Principles of Chemical Theory 8vo, 1 00 

Matthews's Laboratory Manual of Dyeing and Textile Chemistry 8vo, 3 50 

Textile Fibres. 2d Edition, Rewritten 8vo, 4 GO 

* Meyer's Determination of Radicles in Carbon Compounds. (Tingle.) 

Third Edition 12mo. 1 25 

Miller's Cyanide Process 12mo, 1 00 

Manual of Assaying 12mo, 1 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . .12mo, 2 50 

* Mittelstaedt's Technical Calculations for Sugar Works. (Bourbakis.) 12mo, 1 50 

Mixter's Elementary Text-book of Chemistry 12mo. 1 50 

Morgan's Elements of Physical Chemistry 12mo, 3 00 

* Physical Chemistry for Electrical Engineers 12mo, 1 50 

* Moore's Experiments in Organic Chemistry 12mo, 50 

* Outlines ^of Organic Chemistry 12mo, 1 50 

Morse's Calculations used in Cane-sugar Factories 16mo, mor. 1 50 

* Muir's History of Chemical Theories and Laws 8vo, 4 00 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I. Compounds of Carbon with Hydrogen and Oxygen. Large 8vo, 5 00 

Vol. II. Nitrogenous Compounds. (In Preparation.) 

Vol. III. The Commercial Dyestufis Large Svo, 5 00 

* Nelson's Analysis of Drugs and Medicines 12mo, 5 00 

Ost^wald's Conversations on Chemistry. Part One. (Ramsey.) 12mo, 1 50 

Part Two. (Tumbull.) 12mo, 2 00 

* Introduction to Chemistry. (Hall and Williams.) Large 12mo, 1 50 

Owen and Standage's Dyeing and Cleaning of Textile Fabrics 12mo, 2 00 

* Palmer's Practical Test Book of Chemistry 12mo, 1 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) . . 12mo, 1 25 
Penfield's Tables of Minerals, Including the Use of Minerals and Statistics 

of Domestic Production Svo, 1 00 

Pictet's Alkaloids and their Chemical Constitution. (Biddle.) Svo, 5 00 

Poole's Calorific Power of Fuels .8vo, 3 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 1 50 

* Reisig's Guide to Piece-Dyeing Svo, 25 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point Svo. 2 00 

Ricketts and Miller's Notes on Assaying Svo, 3 00 

Rideal's Disinfection and the Preservation of Food Svo, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory Svo, 1 25 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 4 00 

Ruddiman's Incompatibilities in Prescriptions Svo, 2 00 

Whys in Pharmacy 12mo, 1 00 

* Ruer's Elements of Metallography. (Mathewson.) Svo, 3 00 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo, 3 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) Svo, 2 50 

* Schimpf's Essentials of Volumetric Analysis Large 12mo, 1 50 

Manual of Volumetric Analysis. (Fifth Edition, Rewritten) Svo, 5 00 

* Qualitative Chemical Analysis Svo, 1 24 

* Seamon's Manual for Assayers and Chemists Large 12mo, 2 50 

Smith's Lecture Notes on Chemistry for Dental Students Syo, 2 50 

Spencer's Handbook for Cane Sugar Manufacturers 16mo, mor. 3 00 

Handbook for Chemists of Beet-sugar Houses 16mo, mor. 3 00 

Stockbridge's Rocks and Soils Svo, 2 50 

Stone's Practical Testing of Gas and Gas Meters. Svo, 3 50 

* Tillman's Descriptive General Chemistry , Svo, 3 00 
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■* Tillman's Elementary Lessons in Heat 8vo, SI 50 

Treadwell's QuiUtative Analysis. (Hall.) 8vo, 

Quantitative Analysis. (Hall.) 8vo, 

Tumeaure and Russell's Public Water-supplies 8vo, 

"Van Deventer's Physical Chemistry for Beginners. (Boltwood.) 12nio, 

Venable's Methods and Devices for Bacterial Treatment of Sewage 8vo, 

"Ward and Whipple's Freshwater Biology. (In Press.) 

"Ware's Beet-sugar Manufacture and Refining. Vol. 1 8vo, 

Vol. II 8vo, 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 

* Weaver's Military Explosives 8vo, 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8vo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 
Students 12mo, 

Text-book of Chemical Arithmetic 12mo, 

Whipple's Microscopy of Drinking-water 8vo, 

Wilson's Chlorination Process 12mo, 

Cyanide Processes 12mo, 

Winton's Microscopy of Vegetable Foods 8vo, 

Zsignaondy's Colloids and the Ultramicroscope. (Alexander.). .Large 12mo, 

CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEER- 
ING. RAILWAY ENGINEERING. 

* American Civil Engineers' Pocket Book. (Mansfield Merriman, Editor- 

in-chief.) 16mo, mor. 

Baker's Engineers' Surveying Instruments 12mo, 

Bixby's Graphical Computing Table Paper 19i X 24i inches. 

Breed and Hosmer's Principles and Practice of Surveying. Vol. I. Elemen- 
tary Surveying 8vo, 

Vol. II. Higher Surveying 8vo, 

* Burr's Ancient and Modern Engineering ana the Isthmian Canal 8vo, 

Comstock's Field Astronomy for Engineers. 8vo, 

* Corthell's Allowable Pressure on Deep Foundations 12mo, 

Crandall's Text-book on Geodesy and Least Squares 8vo, 

Davis's Elevation and Stadia Tables 8vo, 

Elliott's Engineering for Land Drainage 12mo, 

* Fiebeger's Treitise on Civil Engineering 8vo, 

Flemer's Pho cotopographic Methods and Instruments 8vo, 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 

Freitag's Architectural Engineering 8vo, 

French and Ives's Sterfeotomy 8vo, 

Gilbert, Wightman, and Saunders's Subways and Tunnels of New York. 

(In Press.) 

* Hauch and Rice's Tables of Quantities for Preliminary Estimates. . . 12mo, 

Hayford's Text-book of Geodetic Astronomy 8vo, 

Hering's Ready Reference Tables (Conversion Factors.) 16mo, mor. 

Hosmer's Azimuth 16mo, mor. 

* Text-book on Practical Astronomy .8vo, 

Howe's Retaining Walls for Earth 12mo, 

* Ives's Adjustments of the Engineer's Transit and Level 16mo, bds. 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geod- 
esy 16mo, mor. 

* Johnson (J.B.) and Smith's Theory and Practice of Surveying . Large 12mo, 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods , 8vo, 

■* Kinnicutt, Winslow and Pratt's Sewage Disposal 8vo, 

=* Mahan's Descriptivfe' Geometry 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 

Merriman and Brooks's' Handbook for Surveyors 16mo, mor. 

Nugent's Plane Surveying 8vo, 

Ogden's Sewer Construction 8vo, 

Sewer Design. ."...: 12mo, 

Parsons's Disposal of" Municipal Refuse 8vo, 

Patton's Treatise on Civil Engineering 8vo, half leather, 
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Reed's Topographical Drawing and Sketching 4to, $5 00 

Riemer's Shaft-sinking under Difficult Conditions. (Corning and Peele.).8vo. 3 00 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, 1 50 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

Soper's Air and Ventilation of Subways 12mo, 2 50 

* Tracy's Exercises in Surveying 12mo, mor. 1 GO 

Tracy's Plane Surveying 16mo, mor. 3 00 

Venable's Garbage Crematories in America 8vo, 2 00 

Methods and Devices for Bacterial Treatment of Sewage 8vo, 3 OO 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Contracts 8vo, 3 00 

\iaw of Operations Preliminary to Construction in Engineering and 

Architecture 8vo. 5 00 

Sheep, 5 50 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 2 50 

* Waterbury's Vest-Pocket Hand-book of Mathematics for Engineers. 

2g X5| inches, mor. 1 00 

* Enlarged Edition, Including Tables mor. 1 50 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

16mo, mor. 1 25 

Wilson's Topographic Surveying 8vo, 3 50 

BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, 

* Thames River Bridge Oblong paper, 

Burr and Falk's Design and Construction oE Metg-lUc Bridges 8vo, 

Influence Lines for Bridge and Roof Computations 8vo, 

Du Bois's Mechanics of Engineering. Vol. II Sma 4to , 

Foster's Treatise on Wooden Trestle Bridges 4to, 

Fowler's Ordinary Foundations 8vo, 

Greene's Arches in Wood, Iron, and Stone 8vo, 

Bridge Trusses 8vo, 

Roof Trusses 8vo, 

Grimm's Secondary Stresses in Bridge Trusses 8vo, 

Heller's Stresses in Structures and the Accompanying Deformations.. . .Svo, 

Howe's Design of Simple Roof-trusses in Wood and Steel Svo. 

Symmetrical Masonry Arches Svo, 

Treatise on Arches Svo, 

* Hudson's Deflections and Statically Indeterminate Stresses Small 4to, 

* Plate Girder Design Svo, 

* Jacoby's Structural Details, or Elements of Design in Heavy Framing, 8vo, 2 25 
Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, 10 00 

* Johnson, Bryan and Tumeaure's Theory and Practice in the Designing of 

Modern Framed Structures. New Edition. Part I Svo, 3 00 

* Part II. New Edition Svo, 4 00 

Merriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses Svo. 2 50 

Part II. Graphic Statics Svo, 2 50 

Part III. Bridge Design Svo, 2 50 

Part IV. Higher Structures Svo, 2 50 

Sondericker's Graphic Statics, with AppUcations to Trusses, Beams, and 

Arches 8vo, 2 00 

Waddell's De Pontibus, Pocket-book for Bridge Engineers 16md, mor. 2 00 

* Specifications for Steel Bridges ^. . .12mo, 50 

Waddell and Harrington's Bridge Engineering. (In Preparation.)* 

HYDRAULICS. 
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Barnes's Ice Formation 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) Svo, 2 00 

Bovey 's Treatise on Hydraulics Svo, 5 00 

7 



Church's Diagrams of Mean Velocity of Water in Open Channels. 

Oblong 4to, paper, $1 50 

Hydraulic Motors 8vo, 2 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering) . .8vo, 3 00 

Coffin's Graphical Solution of Hydraulic Problems 16mo, mor. 2 50 

Flather's Dynamometers, and the Measurement of Power 12mo, 3 00 

Folwell's Water-supply Engineering 8vo, 4 00 

Frizell's Water-power 8vo, 5 00 

Fuertes's Water and PubUc Health 12mo, 1 50 

Water-filtration Works 12mo, 2 50 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 00 

Hazen's Clean Water and How to Get It Large 12mo, 1 50 

Filtration of Public Water-sapplies 8vo, 3 00 

Hazelhurst's Towers and Tanks for Water-works 8vo, 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

Hoyt and Grover's River Discharge 8vo, 2 00 

Hubbard and Kiersted's Water-works Management and Maintenance. 

8vo, 4 00 

* Lyndon's Development and Electrical Distribution of Water Power. 

8vo, 3 00 
Mason's Water-supply. (Considered Principally from a Sanitary Stand- 
point.) 8vo, 4 00 

Merriman's Treatise on Hydraulics 8vo, 5 00 

* Molitor's Hydraulics of Rivers, Weirs and Sluices 8vo, ' 2 00 

* Morrison and Brodie's High Masonry Dam Design 8vo, 1 50 

* Richards's Laboratory Notes on Industrial Water Analysis 8vo, 50 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply. Second Edition, Revised and Enlarged Large 8vo, 6 00 

* Thomas and Watt's Improvement of Rivers 4to, 6 00 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

* Wegmann's Design and Construction of Dams. 6th Ed., enlarged 4to, 6 00 

Water-Supply of the City of New York from 1658 to 1895 4to, 10 00 

Whipple's Value of Pure Water Large 12mo, 1 00 

Williams and Hazen's Hydraulic Tables 8vo, 1 50 

Wilson's Irrigation Engineering 8vo, 4 00 

Wood's Turbines 8vo, 2 50 



MATERIALS OF ENGINEERING. 

Baker's Roads and Pavements 8vo, 5 00 

Treatise on Masonry Construction 8vo, 5 00 

Black's United States Public Works Oblong 4to, 5 00 

Blanchard and Drowne's Highway Engineering. (In Press.) 

Bleininger's Manufacture of Hydraulic Cement. (In Preparation.) 

Bottler's Varnish Making. (Sabin.) (In Press.) 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50 

Byrne's Highway Construction Svo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

16mo, 3 00 

Church's Mechanics of Engineering 8vo, 6 00 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineer- 
ing Svo, 4 50 

Du Bois's Mechanics of Engineering. 

Vol. I. Kipematics, Statics, Kinetics Small 4to, 7 50 

Vol. II. The Stresses in Framed Structures, Strength of Materials and 

Theory of Flexures Small 4to, 10 00 

Eckel's Building Stones and Clays. (In Press.) 

* Cements, Limes, and Plasters 8vo, 6 00 

Fowler's Ordinary Foundations 8vo, 3 50 

* Greene's Structural Mechanics 8vo, 2 50 

HoUey's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments '. Large 12mo, 3 00 

* Hubbard's Dust Preventives and Road Binders . . , ." . . . Svo, 3 00 
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Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special Steels. 

Steel-making Alloys and Graphite Large 12mo, 

Johnson's (J. B.) Materials of Construction Large 8vo, 

Keep's Cast Iron 8vo, 

Lanza's AppUed Mechanics 8vo, 

Lowe's Paints for Steel Structures 12mo, 

Maire's Modem Pigments and their Vehicles 12mo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration Svo, 

Merriman's Mechanics of Materials Svo, 

* Strength of Materials 12mo, 

Metcalf 's Steel. A Manual for Steel-users 12mo, 

Morrison's Highway Engineering Svo, 

* Murdock's Strength of Materials 12mo, 

Patton's Practical Treatise on Foundations Svo, 

Rice's Concrete Block Manufacture Svo, 

Richardson's Modern Asphalt Pavement Svo, 

Richey's Building Foreman's Pocket Book and Ready Reference. 16mo, mor. 

* Cement Workers' and Plasterers' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

Handbook for Superintendents of Construction 16mo, mor. 

* Stone and Brick Masons' Edition (Building Mechanics' Ready 

Reference Series) 16mo, mor. 

* Ries's Clays : Their Occurrence, Properties, and Uses Svo, 

* Ries and Leighton's History of the Clay-working Industry of the United 

States ^ . . Svo. 

Sabin's Industrial and Artistic Technology of Paint and Varnish Svo, 

* Smith's Strength of Material 12mo, 

Snow's Principal Species of Wood Svo, 

Spalding's Hydraulic Cement 12mo, 

Text-book on Roads and Pavements 12mo, 

* Taylor and Thompson's Extracts on Reinforced Concrete Design Svo, 

Treatise on Concrete, Plain and Reinforced Svo, 

Thurston's Materials of Engineering. In Three Parts Svo, 

Part I. Non-metallic Materials of Engineering and Metallurgy. . . . Svo, 

Part II. Iron and Steel Svo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 

Tillson's Street Pavements and Paving Materials Svo, 

Turneaure and Maurer's Principles of Reinforced Concrete Construction. 

Second Edition, Revised and Enlarged Svo, 

Waterbury's Cement Laboratory Manual 12mo, 

Laboratory Manual for Testing Materials of Construction. (In Press.)' 
Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber Svo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel Svo, 4 00 



RAILWAY ENGINEERING. 

Andrews's Handbook for Street Railway Engineers 3X5 inches, mor. 

Berg's Buildings and Structures of American Railroads 4to, 

Brooks's Handbook of Street Railroad Location 16mo, mor. 

* Burt's Railway Station Service 12mo, 

Butts's Civil Engineer's Field-book 16rao, mor. 

Crandall's Railway and Other Earthwork Tables Svo, 

Crandall and Barnes's Railroad Surveying 16mo, mor. 

* Crockett's Methods for Earthwork Computations Svo, 

Dredge's History of the Pennsylvania Railroad. (1879) Paper, 

Fisher's Table of Cubic Yards. Cardboard, 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . 16mo, mor. 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments Svo, 

Ives and Hilts's Problems in Surveying, Railroad Surveying and Geodesy 

Ifimo, mor. 

Molitor and Beard's Manual for Resident Engineers 16mo, 
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Nagle's Field Manual for Railroad Engineers 16mo, mor. $3 00 

* Orrock's Railroad Structures and Estimates ., 8vo, 3 00 

Philbrick's Field Manual for Engineers 16mo, mor. 3 00 

Raymond's Railroad Field Geometry 16mo, mor. 2 00 

Elements of Railroad Engineering 8vo, 3 50 

Railroad Engineer's Field Book. (In Preparation.) 

Roberts' Track Formulas and Tables 16mo. mor. 3 00 

Searles's Field Engineering 16mo, mor. 3 00 

Railroad Spiral 16mo, mor. 1 50 

Taylor's Prismoidal Formulae and Earthwork 8vo, 1 50 

Webb's Economics of Railroad Construction Large 12mo, 2 50 

Railroad Construction 16mo, mor. 5 00 

Wellington's Economic Theory of the Location of Railways Large 12mo, 5 00 

Wilson's Elements of Railroad-Track and Construction 12mo, 2 00 

DRAWING 

Barr and Wood's Kinematics of Machinery 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " " Abridged Ed 8vo, 1 50 

* Bartlett and Johnson's Engineering Descriptive Geometry 8vo, 1 50 

Blessing and Darling's Descriptive Geometry. (In Press.) 

Elements of Drawing. (In Press.) 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 50 

Durley's Kinematics of Machines 8vo, 4 00 

Emch's Introduction to Projective Geometry and its Application 8vo, 2 50 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 2 00 

Jamison's Advanced Mechanical Drawing 8vo, 2 00 

Elements of Mechanical Drawing 8vo, 2 50 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, 1 50 

Part II. Form, Strength, and Proportions of Parts 8vo, 3 00 

* Kimball and Barr's Machine Design 8vo, 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

Kinematics; or, Practical Mechanism 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams 8vo, 1 50 

McLeod's Descriptive Geometry Large 12mo, 1 50 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 50 

Industrial Drawing. (Thompson. ) 8vo, 3 50 

Moyer's Descriptive Geometry 8vo, 2 00 

Reed's Topographical Drawing and Sketching 4to, 5 00 

* Raid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design.. 8 vo, 3 00 

Robinson's Principles of Mechanism 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 2 50 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 1 25 

Tracy and North's Descriptive Geometry. (In Press.) 

Warren's Elements of Descriptive Geometry, Shadows, and Perspective. .8vo, 3 50 

Elements of Machine Construction and Drawing 8vo, 7 50 

Elements of Plane and Solid Free-hand Geometrical Drawing. . . . 12mo, 1 00 

General Problems of Shades and Shadows 8vo, 3 00 

Manual of Elementary Problems in the Linear Perspective of Forms and 

Shadow 12mo, 1 00 

Manual of Elementary Projection Drawing 12mo, 1 50 

Plane Problems in Elementary Geometry 12mo, 1 25 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) 8vo, 5 00 

Wilson's (H. M.) Topographic Surveying 8vo, 3 50 

* Wilson's (V. T.) Descriptive Geometry 8vo, 1 50 

Free-hand Lettering 8vo, 1 00 

Free-hand Perspective '. 8vo, 2 . 50 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 3 00 
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ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation, (von Ende.1 12mo, $1 25 

Andrews's Hand-book for Street Railway Engineers 3X5 inches mor. 1 25 

Anthony and Ball's Lecture-notes on the Theory of Electrical Measure- 
ments 12mo, 1 00 

Anthony and Brackett's Text-book of Physics. (Magie.) Large 12 mo, 3 00 

Benjamin's History of Electricity 8vo, 3 00 

Betts's Lead Refining and Electrolysis 8vo, 4 00 

Burgess and Le Chatelier's Measurement of High Temperatures. Third 

Edition. (In Press.) 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

* CoUins's Manual of Wireless Telegraphy and Telephony 12mo, 1 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Danneel's Electrochemistry. (Merriam.) 12mo, 1 25 

Dawson's "Engineering" and Electric Traction Pocket-book. . . . 16mo, mor. 5 00 
Dolezalek's Theory of the Lead Accumulator (Storage Battery), (von Ende.) 

12mo. 2 50 

Duhem's Thermodynamics and Chemistry. (Burgess.) Svo, 4 00 

Flather's Dynamometers, and the Measurement of Power 12mo, 3 00 

* Getman's Introduction to Physical Science 12mo, 1 50 

Gilbert's De Magnate. (Mottelay ) Svo, 2 50 

* Hanchett's Alternating Currents 12mo, 1 00 

Bering's Ready Reference Tables (Conversion Factors) '. . 16mo, mor. 2 50 

* Hobart and Ellis's High-speed Dynamo Electric Machinery Svo, 6 00 

Holman's Precision of Measurements Svo, 2 00 

Telescope-Mirror-scale Method, Adjustments, and Tests Large Svo, 75 

* Hutchinson's High-Efficiency Electrical lUuminants and lUumihation. 

Large 12mo, 2 50 
Jones's Electric Ignition. (In Press.) 
KarapetofE's Experimental Electrical Engineering: 

* Vol. I ; Svo, 3 50 

* Vol. II Svo, 2 50 

Kinzbrunner's Testing of Continuous-current Machines Svo, 2 00 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 GO 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) Svo, 3 00 

* Lyndon's Development and Electrical Distribution of Water Power. .Svo, 3 00 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II. Svo, each, 6 00 

* Michie's Elements of Wave Motion Relating to Sound and Light Svo, 4 OO 

* Morgan's Physical Chemistry for Electrical Engineers 12rao, 1 50 

* Norris's Introduction to the Study of Electrical Engineering Svo, 2 50 

Norris and Dennison's Course of Problems on the Electrical Characteristics of 

Circuits and Machines. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to, half mor, 12 50 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large 12mo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). .Svo, 2 00 

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. I Svo, 2 50 

Schapper's Laboratory Guide for Students in Physical Chemistry 12mo, 1 00 

* Tillman's Elementary Lessons in Heat Svo, 1 50 

* Timbie's Elements of Electricity Large 12mo, 2 00 

Tory and Pitcher's Manual of Laboratory Physics Large 12mo, 2 00 

Ulke's Modern Electrolytic Copper Refining Svo, 3 00 

* Waters's Commercial Dynamo Design Svo, 2 OO 

LAW. 

* Brennan's Hand-book of Useful Legal Information for Business Men. 

16mo, mor. 5 00 

* Davis's Elements of Law Svo, 2 50 

* Treatise on the Military Law of United States Svo, 7 00 

* Dudley's Military Law and the Procedure of Courts-martial. .Large 12mo, 2 50 

Manual for Courts-martial 16mo, mor. 1 50 

Wait's Engineering and Architectural Jurisprudence Svo, 6 00 

Sheep, 6 50 

Wait's Law of Contracts Svo, 3 00 
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"Wait's Law o£ Operations Preliminary to Construction in Engineering and 

Architecture 8vo, $5 00 

Sheep, 5 50 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, 1 50 

Briggs's Elements of Plane Analytic Geometry. (Bdcher.) 12mo, 1 00 

* Buchanan's Plane and Spherical Trigonometry 8vo, 1 00 

Byerly's Harmonic Functions Svo, 1 00 

.Chandler's Elements of the Infinitesimal Calculus 12mo, 2 00 

* Coffin's Vector Analysis 12mo, 2 50 

Compton's Manual of Logarithmic Computations 12mo, 1 50 

* Dickson's College Algebra Large 12mo, 1 50 

* Introduction to the Theory of Algebraic Equations Large 12mo, 1 25 

Emch's Introduction to Projective Geometry and its Application Svo, 2 50 

Fiske's Functions of a Complex Variable Svo, 1 00 

Halsted's Elementary Synthetic Geometry Svo, 1 50 

Elements of Geometry Svo, 1 75 

* Rational Geometry 12mo, 1 50 

Synthetic Projective Geometry Svo, 1 00 

* Hancock's Lectures on the Theory of Elliptic Functions Svo, 5 00 

Hyde's Grassmann's Space Analysis Svo, 1 00 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 15 

* 100 copies, 5 00 

* Mounted on heavy cardboard, S X 10 inches, 25 

* 10 copies, 2 00 
Johnson's (W. W.) Abridged Editions of Differential and Integral Calculus. 

Large 12mo, 1 vol. 2 50 

Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

Differential Equations Svo, 1 00 

Elementary Treatise on Differential Calculus Large 12mo, 1 60 

Elementary Treatise on the Integral Calculus Large 12ino, 1 50 

* Theoretical Mechanics 12mo, 3 00 

Theory of Errors and the Method of Least Squares 12mo, 1 50 

Treatise on Differential Calculus Large 12mo, 3 00 

Treatise on the Integral Calculus Large-12rao, 3 00 

Treatise on Ordinary and Partial Differential Equations. . .Large 12mo, 3 50 

* Karapetoff's Engineering Applications of Higher Mathematics, Large 12mo, 75 
Koch's Practical Mathematics. (In Press.) ' 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) . 12mo, 2 00 

* Le Messurier's Key to Professor W. W. Johnson's Differential Equations. 

Small Svo, 1 75 

* Ludlow's Logarithmic and Trigonometric Tables Svo, 1 00 

* Ludlow and Bass's Elements of Trigonometry and Logarithmic and Other 

Tables Svo, 3 00 

* Trigonometry and Tables published separately Each, 2 00 

Macfarlane's Vector Analysis and Quaternions Svo, 1 00 

McMahon's Hyperbolic Functions Svo, 1 00 

Manning's Irrational Numbers and their Representation by Sequences and 

Series 12mo, 1 25 

Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each 1 00 

No. 1. History of Modern Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. S. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics Svo, 4 00 

Merriman's Method of Least Squares Svo, 2 00 

Solution of Equations Svo, 1 00 
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* Moritz's Elements of Plane Trigonometry 8vo, $2 00 

Rice and Johnson's Differential and Integral Calculus. 2 vols, in one. 

Large 12mo, 1 50 

Elementary Treatise on the Differential Calculus Large 12mo, 3 00 

Smith's History of Modem Mathematics 8vo. 1 00 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2iX5i inches, mor. 1 00 

* Enlarged Edition, Including Tables mor. 1 50 

Weld's Determinants Svo, 1 00 

Wood's Elements of Co-ordinate Geometry Svo, 2 00 

Woodward's Probability and Theory of Errors Svo, 1 00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING. STEAM-ENGINES AND BOILERS. 



Bacon's Forge Practice 12mo, 

Baldwin's Steam Heating for Buildings 12mo, 

Barr and^ Wood's Kinematics of Machinery Svo 

* Bartlett's Mechanical Drawing Svo, 

* " " '■* Abridged Ed Svo, 

* Bartlett and Johnson's EngineeriBg Descriptive Geometry Svo 

* Burr's Ancient and Modern Engineering and the Isthmian Canal Svo, 

Carpenter's Heating and Ventilating Buildings Svo 

* Carpenter and Diederichs's Experimental Engineering . . . , Svo 

* Clerk's The Gas, Petrol and Oil Engine 

Compton's First Lessons in Metal Working 12mo, 

Compton and De Groodt's Speed Lathe 12mo 

Coolidge's Manual of Drawing Svo, paper, 

Coolidge and Freeman's Elements of General Drafting for Mechanical En 

gineers Oblong 4to, 

Cromwell's Treatise on Belts and Pulleys 12mo, 

Treatise on Toothed Gearing 12mo, 

Dingey's Machinery Pattern Making 12mo 

Durley's Kinematics of Machines Svo, 

Flanders's Gear-cutting Machinery Large 12mo, 

Flather's Dynamometers and the Measurement of Power 12mo, 

Rope Driving 12mo, 

Gill's Gas and Fuel Analysis for Engineers 12mo, 

Goss's Locomotive Sparks 

* Greene's Pumping Machinery Svo, 

Hering's Ready Reference Tables (Conversion Factors) 16mo, mor. 

* Hobart and Ellis's High Speed Dynamo Electric Machinery 

Button's Gas Engine Svo, 

Jamison's Advanced Mechanical Drawing 

Elements of Mechanical Drawing Svo, 

Jones's Gas Engine Svo, 

Machine Design: 

Part I. Kinematics of Machinery 

Part II. Form, Strength, and Proportions of Parts Svo, 

* Kaup's Machine Shop Practice Large i2mo 

* Kent's Mechanical Engineer's Pocket-Book 16mo, mor. 

Kerr's Power and Power Transmission Svo 

* Kimball and Barr's Machine Design Svo 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

mission - r Svo 

* Lanza's Dynamics of Machinery Svo 

Leonard's Machine Shop Tools and Methods 8vo 

* Levin's Gas Engine Svo 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean).. Svo 
MacCord's Kinematics; or, Practical Mechanism Svo 

Mechanical Drawing » ■ • 4:to 

Velocity Diagrams • • . * 8vo, 
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MacFarland's Standard Reduction Factors for Gases 8vo, 

Mahan's Industrial Drawing. (Thompson.) 8vo, 

Mehrtens's Gas Engine Theory and Design Large 12mo, 

Miller, Berry, and Riley's Problems in Thermodynamics and Heat Engineer- 

inj 8vo, paper, 

Oberg's Handbook of Small Tools Large 12mo. 

* Parshall and Hobart's Electric Machine Design. Small 4to, half leather, 

* Peele's Compressed Air Plant. Second Edition, Revised and Enlarged . 8vo, 
Perkins's General Thermodynamics. (In Press.) 
Poole's Calorific Power of Fuels 8vo, 

* Porter's Engineering Reminiscences, 1855 to 1882 8vo, 

Randall's Treatise on Heat. (In Press.) 

* Reid's Mechanical Drawing. (Elementary and Advanced.) 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richards's Compressed Air 12mo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Smith's (O.) Press-working of Metals 8vo, 

Sorel's Carbureting and Combustion in Alcohol Engines. (Woodward and 

Preston.) Large 12mo, 

Stone's Practical Testing of Gas and Gas Meters 8vo, 

Thurston's Animal as a Machine and Prime Motor, and the Laws of Energetics. 

12mo, 

Treatise on Friction and Lost Work in Machinery .and Mill Work. . .8vo, 

* Tillson's Complete Automobile Instructor 16mo, 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 

Warren's Elements of Machine Construction and Drawing 8vo, 

* Waterbury's Vest Pocket Hand-book of Mathematics for Engineers. 

2|^X5f inches, mor. 

* Enlarged Edition, Including Tables mor. 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 

Klein.) 8vo, 

Machinery of Transmission and Governors. (Hermann — Klein.). .8vo, 
Wood's Turbines 8vo, 

MATERIALS OF ENGINEERING. 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 

Church's Mechanics of Engineering 8vo, 

Mechanics of Solids (Being Parts I, II, III of Mechanics of Engineering). 

8vo, 

* Greene's Structural Mechanics 8vo, 

Holley's Analysis of Paint and Varnish Products. (In Press.) 

* Lead and Zinc Pigments Large 12mo, 

Johnson's (C. M.) Rapid Methods for the Chemical Analysis of Special 

Steels, Steel-Making Alloys and Graphite Large 12mo, 

Johnson's (J. B.) Materials of Construction 8vo, 

Keep's Cast Iron. 8vo, 

* King's Elements of the. Mechanics of Materials and of Power of Trans- 

mission. . . .,,... ,^ 8vo, 

Lanza's Applied Mechanics 8vo, 

Lowe's Paints for Steel ^t^ructures 12mo, 

Maire's Modern Pigments and their Vehicles 12moi 

Maurer's Technical Mechanics. . 8vo, 

Merriman's Mechanics of Materials 8voi 

* Strength of Materials 12mo, 

Metcalf's Steel. A Manual for Steel-users 12mo| 

* Murdock's Strength of Materials 12mo, 

Sabin's Industrial and Artistic Technology of Paint and Varnish 8vo[ 

Smith's (A. W.) Materials of Machines.' ^ ..... i / 12mo* 

* Smith's (H. E.j Strength of Material 12mo' 

Thurston's Materials of Engineering 3 vols., 8vo', 

Part I. Non-metallic Materials of Engineering, .8vo[ 

Part II. Iron and S,teel.... 8vo' 

Part III. A Treatise on Brasses,. Bronzes, and Other Alloys and their 

Constituents '. 8vo, 2 50 
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Waterbury's Laboratory Manual for Testing Materials of Construction. 

(In Press.) 

Wood's (De V.) Elements of Analytical Mechanics 8vo, S3 00 

Treatise on the Resistance of Materials and an Appendix on the 

' Preservation of Timber 8vo, 2 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo_ 4 qo 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram. Third Edition Revised and En- 
larged 12mo. 2 50 

Camot's Reflections on the Motive Power of Heat. (Thurston.) 12mo, 1 50 

Chase's Art of Pattern Making 12mo, 2 50 

Creighton's Steam-engine and other Heat Motors 8vo, 5 00 

Dawson's "Engineering" and Electric Traction Pocket-book. .. . Ibmo, mor. 5 00 

* Gebhardt's Steam Power Plant Engineering Svo, 6 00 

Goss's Locomotive Performance 8vo, 5 00 

Hemenway's Indicator Practice and Steam-engine Economy 12mo, 2 00 

Hirshfeld and Barnard's Heat Power Engineering. (In Press.) 

Hutton's Heat and Heat-engines 8vo, 5 00 

Mechanical Engineering of Power Plants Svo, 5 00 

Kent's Steam Boiler Economy Svo, 4 00 

Kneass's Practice and Theory of the Injector S\'o, 1 50 

MacCord's Slide-valves , 8vo, 2 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

Miller, Berry, and Riley's Problems in Thermodynamics Svo, paper, 75 

Meyer's Steam Turbine Svo, 4 00 

Peabody's Manual of the Steam-engine Indicator 12mo, 1 50 

Tables of the Properties of Steam and Other Vapors and Temperature- 
Entropy Table 8vo. 1 00 

Thermodynamics '(rf the Steam-engine and Other Heat-engines. . . .8\o, 5 _00 

* Thermodynamics of ■the' Stearti Turbine Svo, 3 00 

Valve-gears for Steam-engines 8\o, 2. 50 

Peabody and Miller's Steam-boilers Svo, 4 00 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) 12mo, 1 25 

Reagan's Locomotives: Simple, Compound, and Electric, New Edition. 

■ Large 12mo, 3 50 

Sinclair's Locomotive Engine Running and Management 12mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice 12mo, 2 50 

Snow's Steam-boiler Practice Svo, 3 00 

Spangler's Notes on Thermodynamics 12mo, 1 00 

Valve-gears Svo, 2 50 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8\o, 3 00 

Thomas's Steam-turbines Svo, 4 00 

Thurston's Handbook of Engine and Boiler Trials, and the Use of the Indi- 
cator and the Prony Brake Svo, 5 00 

Handy Tables ' Svo, 1 50 

Manual of Steam-boilers, their Designs, Construction, and Operation Svo, 6 00 

Manual of the Steam-engine 2 vols., Svo, 10 00 

Part I. History, Structure, and Theory Svo, 6 00 

Part II. Design, Construction, and Operation Svo, 6 00 

Wehrenfennig's Analysis and Softening of Boiler Feed-water. (Patterson.) 

Svo, 4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) Svo. 5 00 

Whitham's Steam-engine Design Svo, 6 GO 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .Svo, 4 00 

MECHANICS PURE AND APPLIED. 

Church's Mechanics of Engineering Svo, 6 00 

Mechanics of Fluids (Being Part IV of Mechanics of Engineering). . Svo, 3 00 

* Mechanics of Internal Works Svo, 1 50 

Mechanics of Solids (Being Pai'ts I, II, III of Mechanics of Engineering). 

Svo, 4 50 

Notes and Examples in Mechanics Svo, 2 00 
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Dana's Text-book of Elementary Mechanics for Colleges and Schools .12mo, $1 50 
Du Bois's Elementary Principles of Mechanics: 

Vol. I. Kinematics 8vo, 3 50 

Vol. II. Statics 8vo. 4 00 

Mechanics of Engineering. Vol. I Small 4t9, 7 50 

Vol. II Small 4tD, 10 00 

* Greene's Structural Mechanics 8vo, 2 50 

* Hartmann's Elementary Mechanics for Engineering Students 12mo, 1 25 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Large 12mo. 2 00 

* Johnson's (W. W.) Theoretical Mechanics '. . . 12mo, 3 00 

* King's Elements of the Mechanics of Materials and of Power of Trans- 

raiission 8vo, 2 50 

Lanza's Applied Mechanics 8vo, 7 50 

* Martin's Text Book on Mechanics, Vol. I, Statics 12mo, 1 25 

* Vol. II. Kinematics and Kinetics 12mo, 1 50 

* Vol. III. Mechanics of Materials , 12mo, 1 50 

Maurer's Technical Mechanics 8vo. 4 00 

* Merriman's Elements of Mechanics 12mo, 1 00 

Mechanics of Materials 8vo, 5 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

Robinson's Principles of Mechanism 8vo, 3 00 

Sanborn's Mechanics Problems Large 12mo, 1 50 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 OO 

Wood's Elements of Analytical Mechanics 8vo, 3 00 

Principles of Elementary Mechanics 12mo, 1 25 

MEDICAL. 

* Abderhalden's Physiological Chemistry in Thirty Lectures. (Hall and 

Defren.) Svo, 5 00 

von Behring's Suppression of Tuberculosis. (Bolduan.) 12mo, 1 00 

* B'olduan's Immune Sera 12mo, 1 50 

Bordet's Studies in Immunity. (Gay.) Svo, 6 00 

* Chapin's The Sources and Modes of Infection Large 12mo, 3 00 

Davenport's Statistical Methods with Special Reference to Biological Varia- 
tions 16mo, mor. 1 50 

Ehrlich's Collected Studies on Immunity. (Bolduan.) .8vo, 6 00 

* Fischer's Nephritis Large 12mo, 2 50 

* Oedema '. Svo, 2 00 

* Physiology of Alimentation Large 12mo, 2 00 

* de Fursac's Manual of Psychiatry. (Rosanoff and Collins.) . . . Large 12mo, 2 50 

* Hammarsten's Text-book on Physiological Chemistry. (Mandel.).. . .8vo, 4 00 
Jackson's Directions for Laboratory Work in Physiological Chemistry. ,8vo. 1 25 

Lassar-Cohn's Praxis of Urinary Analysis. (Lorenz.) 12mo, 1 00 

Mandel's Hand-book for the Bio-Chemical Laboratory 12mo. 1 50 

* Nelson's Analysis of Drugs and Medicines 12mo, 3 00 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer.) . .12mo, 1 25 

* Pozzi-Escot's Toxins and Venoms and their Antibodies. (Cohn.). . 12mo, 1 00 

Rostoski's Serum Diagnosis. (Bolduan.) 12mo, 1 00 

Ruddiman's Incompatibilities in Prescriptions '. Svo, 2 00 

Whys in Pharmacy 12mo, 1 00 

Salkowski's Physiological and Pathological Chemistry. (OrndorfE.) ....8vo, 2 50 

* Satterlee's Outlines of Human Embryology 12mo, 1 25 

Smith's Lecture Notes on Chemistry for Dental Students Svo, 2 50 

* Whipple's Tyhpoid Fever Large 12mo, 3 00 

* Woodhull's Military Hygiene for Officers of the Line Large 12mo, 1 50 

* Personal Hygiene 12mo, 1 00 

Worcester and Atkinson's Small Hospitals Establishment and Maintenance, 

and Suggestions for Hospital Architecture, with Plans for a Small 

Hospital 12mo, 1 25 

METALLURGY. 

Betts's Lead Refining by Electrolysis Svo, 4 00 

BoUand's Encyclopedia of Founding and Dictionary of Foundry Terms used 

in the Practice of Moulding 12mo, 3 00 
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Iron Founder 12mo 

" Supplement 12mo, 

* Borchers's Metallurgy. (Hall and Hayward.) 8vo, 

Burgess and Le Cliatelier's Measurement of High Temperatures. Third 

Edition. (In Press.) 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Goesel's Minerals and Metals: A Reference Book .' 16mo, mor. 

* Iles's Lead-smelting 12mo, 

Johnson's Rapid Methods for the Chemical Analysis of Special Steels, 

Steel-making Alloys and Graphite Large 12mo, 

Keep's Cast Iron 8vo, 

Mstcg-lf's Steel. A Manual for Steel-users 12mo[ 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . 12mo, 
Palmer's Foundry Practice. (In Press.) 

* Price and Meade's Technical Analysis of Brass 12mo, 

* Ruer's Elements of Metallography. (Mathewson.) 8vo, 

Smith's Materials of Machines 12mo, 

Tate and Stone's Foundry Practice 12mo, 

Thurston's Materials of Engineering. In Three Parts 8vo, 

Part I. Non-metallic Materials of Engineering, see Civil Engineering, 
page 9. 

Part II. Iron and Steel 8vo, 3 50 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 50 

Ulke's Modem Electrolytic Copper Refining Svo, 3 00 

West's American Foundry Practice 12mo, 2 50 

Moulders' Text Book 12mo. 2 50 

MINERALOGY. 

BaskerviUe's Chemical Elements. (In Preparation.) 

* Browning's Introduction to the Rarer Elements Svo, 

Brush's Manual of Determinative Mineralogy. (Penfield.) Svo, 

Butler's Pocket Hand-book of Minerals 16mo, mor. 

Chester's Catalogue of Minerals Svo, paper, 

Cloth, 

* Crane's'Gold and Silver Svo, 

Dana's First Appendix to Dana's New "System of Mineralogy". .Large Svo, 
Dana's Second Appendix to Dana's New " System of Mineralogy." 

Large Svo, 

Manual of Mineralogy and Petrography 12mo, 

Minerals and How to Study Them /. 12mo, 

System of Mineralogy Large Svo, half leather. 

Text-book of Mineralogy Svo, 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 

Eakle's Mineral Tables Svo, 

Eckel's Building Stones and Clays. (In Press.) 

Goesel's Minerals and Metals: A Reference Book 16mo, mor. 

* Groth's The Optical Properties of Crystals. (Jackson.) Svo, 

Groth's Introduction to Chemical Crystallography (Marshall) 12mo, 

* Hayes's Handbook for Field Geologists 16mo, mor. 

Iddings's Igneous Rocks Svo, 

Rock Minerals Svo, 

Johannsen's Determination of Rock-forming Minerals in Thin Sections. Svo, 

With Thumb Index 

* Martin's Laboratory Guide to Qualitative Analysis with the Blow- 

pipe c 12mo, 

Merrill's Non-metallic Minerals: Their Occurrence and Uses Svo, 

Stones for Building and Decoration Svo, 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper, 

Tables of Minerals, Including the Use of Minerals and Statistics of 

Domestic Production Svo, 

* Pirsson's Rocks and Rock Minerals 12mo, 

* Richards's Synopsis of Mineral Characters 12mo, mor, 

* Ries's Clays: Their Occurrence, Properties and Uses Svo, 
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* Ries and Leighton's History of the Clay-working Inaustry of the United 

States 8vo, $3 SO 

* Rowe's Practical Mineralogy Simplified 12m,o, 1 25 

* Tillman's Text-book of Important Minerals and Rocks 8vo, 2 00 

Washington's Manual of the Chemical Analysis of Rocks Svo, 2 00 

MINING. 

* Beard's Mine Gases and Explosions Large 12mo, 3 00 

* Crane's Gold and Silver Svo, 5 00 

* Index of Mining Engineering Literature Svo, 4 00 

* Svo, mor. 5 00 

* Ore Mining Methods Svo, 3 00 

* Dana and Saunders's Rock Drilling Svo, 4 00 

Douglas's Untechnical Addresses on Technical Subjects 12mo, 1 00 

Eissler's Modern High Explosives Svo, 4 00 

Goesel's Minerals and Meials: A Reference Book 16mo, mor. 3 00 

Ihlseng's Manual of Mining. Svo, 5 00 

* Iles's Lead Smelting 12mo, 2 50 

* Peele's Compressed Air Plant Svo, 3 50 

Riemer's Shaft Sinking Under Difficult Conditions. (Coming and Peele.)8vo, 3 00 

* Weaver's Military Explosives Svo, 3 00 

Wilson's Hydraulic and Placer Mining. 2d edition, rewritten 12mo, 2 50 

Treatise on Practical and Theoretical Mine Ventilation 12mo, 1 25 

SANITARY SCIENCE. 

Association of State and National Food and Dairy Departments, Hartford 

Meeting, 1906 /. Svo, 

Jamestown Meeting, 1907 Svo, 

* Bashore's Outlines of Practical Sanitation 12mo, 

Sanitation of a Country House i 12mo, 

Sanitation of Recreation Camps and Parks 12mo, 

* Chapin's The Sources and Modes of Infection Large 12mo, 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) Svo, 

Water-supply Engineering Svo, 

Fowler's Sewage Works Analyses 12mo, 

Fuertes's Water -filtration Works 12mo, 

Water and Public Health 12mo, 

Gerhard's Guide to Sanitary Inspections 12mo, 

* Modern Baths and Bath Houses Svo, 

Sanitation of Public Buildings 12mo, 

J* The Water Supply, Sewerage, and Plumbing of Modem City Buildings. 

Svo, 

Hazen's Clean Water and How to Get It Large 12mo, 

Filtration of Public Water-supplies Svo, 

* Kinnicutt, Winslow and Pratt's Sewage Disposal Svo, 

Leach's Inspection and Analysis of Food with Special Reference to State 

Control Svo, 

Mason's Examination of Water, (Chemical and Bacteriological) 12mo, 

Water-supply. (Considered principally from a Sanitary Standpoint). 

Svo, 

* Mast's Light and the Behavior of Organisms Large 12mo, 

* Merriman's Elements of Sanitary Engineering Svo, 

Ogden's Sewer Construction Svo, 

Sewer Design , 12mo, 

Parsons's Disposal of Municipal Refuse Svo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis 12mo, 

* Price's Handbook on Sanitation 12mo, 

Richards's Conservation by Sanitation Svo, 

Cost of Cleanness 12mo, 

Cost of Food. A Study in Dietaries 12mo, 

Cost of Living as Modified by Sanitary Science 12mo, 

Cost of Shelter 12mo, 

* Richards and Williams's Dietary Computer Svo, 
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Richards and Woodman's Air, Water, and Food from <i Sanitary Stand- 
point 8vo, S2 00 

* Richey's Plumbers', Steam-fitters', and Tinners* Edition (Building 

Mechanics' Ready Reference Series) 16mo, mor. 

Rideal's Disinfection and the Preservation of Food 8vo, 

Soper's Air and Ventilation of Subways 12mo, 

Tumeaure and Russell's Public Water-supplies 8vo, 

Venable's Garbage Crematories in America 8vo, 

Method and Devices 'for Bacterial Treatment of Sewage 8vo, 

Ward and Whipple's Freshwater Biology. (In Press.) 

Whipple's Microscopy of Drinking-water 8vo, 

* Typhoid Fever Large 12mo, 

Value of Pure Water Large 12mo, 

Winslow's Systematic Relationship of the Coccaceje Large 12mo, 

MISCELLANEOUS. 

* Burt's Railway Station Service 12mo, 

* Chapin's How to Enamel 12mo, 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 

Ferrel's Popular Treatise on the Winds 8vo, 

Fitzgerald's Boston Machinist 18mo, 

* Fritz, Autobiography of John 8vo, 

Gannett's Statistical Abstract of the World 24mo, 

Haines's American Railway Management 12mo, 

Hariausek's The Microscopy of Technical Products. (Winton) 8vo, 

Jacobs's Betterment Briefs. A Collection of Published Papers on Or- 
ganized Industrial Efficiency 8vo, 

Metcalfe's Cost of Manufactures, and the Administration of Workshops. .8vo, 

Putnam's Nautical Charts 8vo, 

Ricketts's History of Rensselaer Polytechnic Institute 1824-1894. 

Large 12mo, 

* Rotch and Palmer's Charts of the Atmosphere for Aeronauts and Aviators. 

Oblong 4to, 

Rotherham's Emphasised New Testament Large 8vo, 

Rust's Ex-Meridian Altitude. Azimuth and Star-finding Tables 8vo 

Standage's Decoration of Wood, Glass, Metal, etc < 12mo 

Thome's Structural and Physiological Botany. (Bennett) 16mo, 

Westermaier's Compendium of General Botany. (Schneider) 8vo, 

Winslow's Elements of Applied Microscopy 12mo, 

HEBREW AND CHALDEE TEXT-BOOKS. 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half mor. 5 00 

Green's Elementary Hebrew Grammar 12mo, 1 25 
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